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OFAN he: emergence of the human immu- 
~- & nodeficiency virus (HIV) and the 
so diseases associated with it have perma- 
__nently modified medical practice. In the 
less than 10 years since it was first rec- 

ognized i in a small cluster of young gay 

males with Pneumocystis carinii pneu- 

monia, acquired immunodeficiency 
ous syndrome (ATDS) has been diagnosed in 
oo over 112.000 persons in the United 
oo tates and bas occurred in over 100 
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and HIV infeetion with an emphasis on 
the areas of specific interest to the prac- 


tice of pathology. In institutions caring 


for patients with ATDS and HIV infec- 
tion, the impact of the disease is felt in 
every aspect of pathology practice. The 
articles in this issue of the ARCHIVES 
delineate the importance of laboratory 
services in the diagnosis, support, and 
monitoring of patients with AIDS. In- 
cluded are discussions about the pro- 
gress that has been made in testing, 
application of new technology to detect 
very early infection, and the problems 
of specificity, sensitivity, and interpre- 
tation of current test results. 

In the short time since the discovery 
of HIV, a tremendous amount of infor- 
mation has been accumulated about the 
molecular biology of retroviruses. The 
many manifestations of infection with 
these viruses and the problems associ- 
ated with the immunodeficient state of 
the infected host have provided unique 
challenges to the anatomic pathologist 
and the microbiologist. The AIDS epi- 
demie has been particularly taxing to 
blood bankers, who since early 1983 
took what they considered appropriate 
steps to eliminate potentially dangerous 
donors, yet are now faced with litigation 


_from individuals transfused with blood 
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from carefully selected, apparently 
healthy individuals who were subse- 
quently identified as infected with HIV. 
Other legal issues and the potential for 
discrimination against persons with 
HIV infection have reemphasized the 
need to be aware of confidentiality of 
medical information and the importance 
of informed consent. 

From the diversity of information 
presented at this conference and inelud- 
ed in the following articles, several mes- 
sages were recurrent: (1) AIDS will con- 
tinue to be a major problem fer the 
health care system and society. (2) The 
pathologist has a unique opportunity to. 
provide leadership in educating the : 
physicians and public he or she serves, 
(3) The pathologist should play a leadin 
role in ensuring a reasoned response t 
this epidemic based on scientific knowl- 
edge rather than fear. g 
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olology of HIV Infection 


« Human immunodeficiency virus 
| / infects lymphocytes and 


mmunosuppression leading to op- 
- portunistic infections. This review 
_ deals pine the virus/cell interaction 


ab of t the Nees Bhinn. 
ndrome (AIDS), there 
'aordinary amount of 
wailable regarding re- 
man pathogens. This 
izes essential informa- 
e virus and its interac- 
rticularly as related to 
imune system. Cited 
he most part are other 
at deal with the sub- 


ion December 20, 1989, 


it of Pathology and Labora- | 


ity of Cincinnati (Ohio). 


Sollege of American Patholo- A 


AIDS and the Do 


ject in greater depth. Also included is a 


brief summary of some unresolved is- 
sues that are the focus of intense inter- 
est and current research. 


THE VIRUS 


Human immunodeficiency virus pref- 
erentially affects cells of the immune 
system, eventually causing profound 
immunosuppression resulting in debili- 
tating and often fatal opportunistic in- 
fections. As with other RNA retrovir- 
uses, HIV has the property of reverse 
transcription, resulting in a proviral 
DNA copy that integrates with host cell 
DNA. Such integration allows long pe- 
riods of latency but ensures persistent, 
irreversible infection and, with activa- 
tion, progressive and eventually fatal 
disease.” In order to understand the 
pathogenesis of HIV infection, it is nec- 
essary to consider the components of 
the infecting virus that are responsible 


for the virus life cycle and host re- 


sponse. Human immunodeficiency virus 
shares many features with other mem- 
bers of the lentivirus family of retrovir- 
uses, including visna virus of sheep, 
equine infectious anemia virus, and the 


feline immunodeficiency virus. All of 
these “slow virus” agents, including 
- HIVin humans, cause a slowly progres- 
; sive and inevitably fatal disease in their 
mts Human immunodeficiency virus 
a is also 


re lated to recently identified pri- 


mate retroviruses in the simian ho 
that selectively infect T lymphocytes. 
Indeed, a second strain of HIV, desig- 
nated human immunodeficiency virus” 
type 2 (HIV-2), which is the predomi- 
nant strain of the retrovirus infecting 


west Africans,” is more closely related 


to the simian virus than is the original 
HIV, now called human immunodefi-. 
ciency virus type 1 (HIV-1), that pre: 
dominates in the US population. Serolo- 
gical evidence and molecular homology 
of virus strains seem to indicate that the 
human virus originated from a simi 
virus transmitted in Africa.’ 
Virus particles can be readily ide 
fied by electron microseopy at the s 
faces of cells productively infected w 
HIV (Fig 1). The virus has adense¢ 
drical or bullet-shaped core enco 
passed by a lipid envelope that is pa 
tially derived from the surface ce 
membrane. The core contains t 
strands of genomic RNA (Fig 2): 
various proteins given numerical des 
nations based on their molecu 
weights. One core protein, p24, ‘is 
particular importance since it is unic 
to HIV and induces antibody that can 
detected early in infection. The core a 
contains enzymes required for viral 
thesis, including reverse transcrip 
and an integrase, enabling transei 
from viral RNA to DNA and inte 
of the proviral DNA into the 
genome. 4 ‘he central core is S 
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Fig 1.— Electron micrograph of lymphocyte infected in vitro with human immunodeficiency virus 


(original magnification = 30 900). 


by a lipid envelope that develops by 
budding from the surface of the infected 
cell (Figs 1 and 3). In addition to compo- 
nents of the host cell membrane, the 
envelope contains surface projections 
composed of two glycoproteins, gp120 
and gp41. The HIV proviral genome has 
been well characterized (Fig 4). It is 
composed of three open-reading frames 
for the structural proteins eomprising 
the core (gag), enzymes (pol), and the 
viral envelope (env). Regulatory se- 
quences are clustered at each end of the 
structural genes as long terminal re- 
peats. Long terminal repeat sequences 
contain targets for transcriptional fac- 
tors and regulatory proteins that signal 
the initiation and progression of viral 
synthesis and are unique genetic com- 
ponents of retroviruses, serving as the 
junctional points for integration of the 
proviral genome into host DNA. Hu- 
man immunodeficiency virus also has at 
least five additional genes, at least one 





showing virus particles between two cells (uranyl acetate—lead citrate, original magnification 
x 15 000). Insert, virus particle and condensation of plasma membrane during virus budding 


of which down-regulates virus expres- 
sion (nef) and two of which up-regulate 
HIV synthesis by counteracting nef re- 
pression. The tat gene plays a particu- 
larly significant role since it amplifies 
virus replication by encoding a protein 
that is a potent transactivator of HIV 
gene expression. The regulatory genes 
of the provirus.are of particular interest 
and importance because their expres- 
sion regulates changes from a latent toa 
productive infection and, ultimately, 
the development of AIDS.’ 


VIRUS CELL INTERACTION 


Even before the identification of HIV 
as the causal agent of AIDS, it was not- 
ed that, with the progression of the dis- 
ease, there was a selective depletion of 
helper/inducer T lymphocytes that ex- 
press the CD4 phenotypic marker, 
eventually resulting in profound immu- 
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nosuppression. Subsequently, it was 
found that the CD4 protein serves as a 
high-affinity receptor for the gp120 of 
the viral envelope, accounting for selec- 
tive infections of T4 lymphocytes. Al- 
though the T4 cell seems to have the 
highest density of CD4 receptors, por- 
tions of the CD4 molecule have been 
identified on other cells, such as mono- 
cytes and macrophages, that also play a 
central role in the pathogenesis of HIV 
infection. After the virus binds to the 
CD4 molecule, the viral core is internal- 
ized (Fig 3). In addition to gp120, the 
transmembrane glycoprotein, gp4l, of 
the virus envelope is required for viral 
entry. There are likely to be other cell 
surface proteins involved, since mouse 
cells transfected with the CD4 gene ex- 
pressing the human CD4 protein effec- 
tively bind HIV but do not internalize 
the virus. After internalization, viral 
genomic RNA is transcribed to proviral 
DNA, which then either accumulates in 
the cytoplasm of the cell in an uninte- 
grated circular form or becomes inte- 
grated into the host chromosome DNA. 
One unusual feature of HIV infection, as 
compared with other retroviruses, is 
the accumulation of unintegrated viral 
DNA in the infected cell. Since most 
other retroviruses are not cytopathic, it 
has been suggested that the accumula- 
tion of proviral DNA is an important 
factor in the cytopathogenicity of HIV 
infection, although the specific mecha- 
nism responsible for cell lysis is not yet 
known. 

After integration of the proviral 
DNA, there may be a latent phase with 
restriction of the viral cycle until the 
infected cell is activated. Various 
agents have proved to be effective acti- 
vators in vitro, including mitogens, oth- 
er antigens, and heterologous viral 
genes.’ A common mechanism result- 
ing in activation involves transactiva- 
tion with the production of cellular 
DNA-binding proteins that interact 
with the long terminal repeat sequences 
of the proviral HIV. Once cell activation 
occurs, probably accompanied by de- 
methylation of proviral DNA, there is 
transcription of viral genomic RNA and 
messenger RNA, followed by protein 
synthesis, processing, and virus assem- 
bly and release with budding of mature 
virions from the cell surface. 

Although the long and variable period 
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Fig 2.—Virion structure of human immunode- 
ficiency virus (HIV) as diagrammed in cross- 
section. The envelope of the virion is com- 
posed of a lipid bilayer with glycoproteins, 
gpi20 and gp41. The core contains two 
strands of RNA, enzymes, and core proteins, 
one of which (p24) is unique to HIV and in- 
duces an antibody response that can be de- 
tected early in infection. 


of clinical latency, with a mean of ap- 
proximately 8 years, is undoubtedly re- 
lated to prolonged and silent integration 
of the HIV proviral DNA, there is a 
chronic or low-level production of HIV 
in infected individuals. It is not known 
whether this is due to a release of HIV 
from a few activated T cells undergoing 
lysis or low-level release of infectious 
virus from lymphocytes and particular- 
ly monocyte/macrophages that contain 
stably integrated proviral DNA. How- 
ever, there is an accumulated body of 
evidence to show that activation of T4 
lymphocytes with virus release and ly- 
sis of the host cell are important factors 
in signaling the progression of the dis- 
ease.” 


CRITICAL ROLE OF 
THE T4 LYMPHOCYTE 


Epidemiologic and clinical studies 
have Indicated that a decrease in the 
absolute number of T4 lymphocytes sig- 
nals the emergence of opportunistic in- 
fections and correlates with the pro- 
gression of the disease.” Although 
depletion of T4 lymphocytes with T4:T8 
ratio inversion is almost always noted 
with AIDS, a qualitative or functional 
defect of selective subsets of T4 cells 
in asymptomatic seropositive HIV- 


Fig 3.—Diagram of the life cycle of human 
immunodeficiency virus (HIV) in the T4 lym- 
phocyte. The gp120 of the virus binds to the 
CD4 receptor on the surface of the lympho- 
cyte and the core of the virion is internalized, 
requiring the transmembrane viral glycopro- 
teins of gp41 and another putative cell sur- 
face component (F). The internalized geno- 
mic viral RNA is transcribed to proviral DNA 
that either accumulates in the cytoplasm or 
becomes integrated into the host cell DNA. 
With activation, there is transcription of viral 
genomic and messenger RNA (mRNA) lead- 
ing to protein synthesis, virus assembly, and 
release from the cell surface by budding. 
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Fig 4.—Ciagram of the proviral DNA genome of human immunode‘iciensy virus (HIV). The dark bars are structural 
genes fo- the viral core (gag), polymerases (po/}, and envelope (env). The other genes are for regulation of transcription. 
The lerc tarminal repeat (LTR) sequences contain targets for transcsiptior al control and regulatory proteins and serve 
as junction po nts for integration into host DNA. 


Hematopoietic Stem Cells 
Suppor Growth 


Mast Cells 
Support Growth 


NK Cells 
Activate and Promote Growtr 


Monocytes/Macrophages 
Activate Functions 


T4 Lymphocyte 


Fibroblasts 
Inhibit G-aveth 


B Celis 


Cytotoxic T Cells 
Activate and Promote Growth 


Activate and Promote Growth 
anc Differentiation to Plasma Cells 





_ Fig 5.—Diagram illustrating the central role of the T4 lymphocyte in the immuna response. 


' Arrows represent ly nghokire inducers (interleukins 2, 3, 5, and 6 [IL- 


2,-3, -5, and -6]) that are 


polypeptides released by activated T4 cells that have specific effects on target celb. Interferon 
gamma (IFN-y) from T4 cells activates macrophages. NK indicates natural killer ce Js. 


irfected individuals nas also been dem- 
onstrated. Whether this is due to lysis 
and cepletion of s2lective subpopula- 
tions of T4 cells cr nonevtopathic infec- 
tion end inhibition əf call function by 
suburits of HIV, particularly the enve- 
lope protein or some other inhibitory 
mechanism, is not yet resolved. The T4 
lymphocyte is the central critical cell 
involved directly or indirectly in the in- 


duction of many immunologi: functions 
(Fig 5), particularly by releese of poly- 
peptide lymphokines.’ As an exemple, 
interleukin 2 released from 4 lympho- 
cytes is needed for clonal expansion of 
antibody-producing B lymphocytes in 
response to a soluble antigen. Although 
patients with AIDS frequently have hy- 
pergammaglobulinemia, prebably be- 
cause of stimulation of B lymphocytes 


238 Arca Pathol -ab Mec—Vol 114, March 1990 


by Epstein-Barr virus or cytomegalovi- 
rus, without adequate interleukin 2 
from T4 lymphocytes, these patients 
are poor antibody producers. Interleu- 
kin 2 is also needed for clonal expansion 
of cytotoxic lymphocytes in response to 
antigens. The opportunistic bacterial, 
fungal, parasitic, and viral infections 
that occur in AIDS are principally the 
result of defective antibody and cyto- 
toxic lymphocyte responses because of 
HIV infection of T4 lymphocytes. The 
defect in number and function of T4 cells 
resulting in decrease of inductive sig- 
nals to various limbs of the immune re- 
sponse system account for the apparent 
paradox of a global immune defect as 
observed in AIDS, despite selective 
infection of a single subset of 
lymphocytes. 


ROLE OF 
THE MONOCYTE/MACROPHAGE 


In addition to functional defects in 
macrophages that may be secondary to 
a deficiency in T4-lymphocyte inducers, 
monocytes/macrophages also play a pri- 
mary role in the pathogenesis of HIV 
infection. Although there are subsets of 
macrophages that have CD4 receptors, 
CD4-negative monocytes can also be- 
come infected, probably by receptor- 
mediated endocytosis possibly involv- 
ing Fe receptors with facilitation of 
virus absorption by IgG antibody to 
HIV.’ However, unlike T4 lympho- 
cytes, macrophages are relatively resis- 
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A 


tant to the cytopathic effects of the virus 
but can carry incorporated proviral ge- 
nome, synthesize and release infectious 
HIV, and serve as a reservoir and trans- 
port vehicle for the spread of infection to 
various organs. Macrophages appear to 
be the principal HIV-infected cell in the 
brain, and the release of monokines 
from infected macrophages has been im- 
plicated as a putative neurotoxic agent 
responsible for some of the neuropsy- 
chiatric manifestations associated with 
HIV infection.® Further, secretion of in- 


i terleukin 1 and tumor necrosis factor by 


infected macrophages is likely to be re- 
sponsible for the fever and cachexia that 
occur in many patients with AIDS. 


SOME UNRESOLVED ISSUES 


One of the most puzzling and disturb- 
ing biological properties of HTV is its 
genetic instability resulting in the 
emergence of new strains. Even indi- 
vidual isolates of HIV-1 from a given 
patient are composed of populations of 
genetically and biologically distinct 
variants.” Because the change of a sin- 
gle amino acid residue in the gp120 of 
the virus envelope may result in loss of 
neutralizing activity of an antibody, ge- 
netic variation is such a major obstacle 
to immunoprophylaxis that vaccine de- 
velopment may not be a practical ap- 
proach to prevention. This genetic shift 
may be responsible for the apparent 
paradox of disease progression in pa- 
tients, despite high levels of antibody 
that may be neutralizing in vitro. In- 
deed, evaluation of repeated HIV iso- 
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lates from patients during the course of 
their infection suggests that progres- 
sion may be the result of the emergence 
of new genetic variants of HIV that are 
more cytotoxic for target cells.” Genetic 
variation and selection are also proba- 
bly responsible for the reduced sensitiv- 
ity to zidovudine (azidothymidine) re- 
cently reported to occur during 
prolonged therapy.” 

There is an increasing body of evi- 
dence to indicate that the virus load may 
be the most important determinant of 
clinical disease.” Although the laborato- 
ry models of latency and activation of 
HIV synthesis in vitro have led to hy- 
potheses explaining disease progres- 
sion, there is a need for analysis of pat- 
terns of viral gene activation and 
expression in vivo to answer some of the 
critical questions. Unfortunately, a 
good applicable animal model is yet to be 
identified. Although genetic activation 
with increase in HIV synthesis pro- 
ceeding to lysis of the T4 lymphocyte is 
undoubtedly a eritical event in disease 
progression and particularly immuno- 
suppression, the early manifestations of 
disease involve a variety of mechanisms 
other than lysis of T4 lymphocytes. 
These include cytotoxic immune re- 
sponses, autoimmune reactions in the 
host, the effects of viral proteins on un- 
infected cells, and the inhibitory or en- 
hancing effect on synthesis and release 
of cytokines and leukotrienes. Whether 
these or other mechanisms are respon- 
sible for the development of isolated or- 
gan system disease, such as cardiomy- 
opathy, nephropathy, or dementia, in 


HIV-infected but o-herwise asymptom- 
atic individuals is still unknown. 
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The Western Immunoblot Procedure 
for HIV Antibodies and Its Interpretation 


Roger Y. Dodd, Pal, Chveng T. Fang, PhD 


s Tie Western blot is frequently 
used jo confirm human immunodefi- 
cienc~ virus type 1 (HIV-1) screening 
tests as it permits the identification of 
antibcdies to individual component 
polyp2ptides o7 HIV-1. The procedure 
is described ard different criteria for 
evaluation of HIV-1 Western blots are 
compared. The significance and 
management of indeterminate blot 
patterns are discussed. 

(Arch Patho! Laa Med. 1990;114: 
240-2215) 


l-hough the specificity of most en- 

zyme-linked immunosorbent as- 
says (LISA) for antibodies to the hu- 
man .mmunodeficiency virus (HIV) 
exceeds 99.8%,’ the; are often used to 
test pepulations wita a very low preva- 
lence cf HIV infecticn. In these circum- 
stances, the pesit:ve precictive value of 
tha test may be 10% or even less. Conse- 
quently, it is eritical_y important to em- 
ploy sapplemenzary test procedures to 
validae the HIV infectior status of indi- 
viduals with reactive screening results. 
At the same time, 1t musz be realized 
that false-positive screening test re- 
sults will generally czcur with the same 
frequency in any population tested. 
There“ore, even in popu‘ations with a 
high prevalence ol ETV infection, some 
screering test resus wil. show false- 
pcsitive results. Thus, as a general prin- 
ciple, any reactiv= screening result for 
HIV entikody must be corfirmed prior 
to diagnosis or roafizaticn of the tested 
subject. 
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There are a variety of methocs for 
confirmation of HIV screening assays. 
Currently, however, the Westerr blot 
test and indirect immunofluores-ence 
are most frequently used for this pur- 
pose. The Western blot is a technique 
that permits the identification of anti- 
bodies directed to individual structural 
polypeptides cf HIV. The peptides are 
electrophoretically separated and 
transferred (“blotted”) to nitrocellulose 
where they are stabilized. The nitzocel- 
lulose is exposed to positive serum sam- 
ples, and reactive antibodies can be vi- 
sualized and located by us3 of 
appropriately labeled antiglobalins. 
Properly used and interpreted, West- 
ern blot analysis can correctly identify 
the vast majorizy of HIV-infected. indi- 
viduals. However, a proportion of 
Western blot assays will generate am- 
biguous results (indeterminate pat- 
terns) that require additional resolution 
before the pres2nce or absence of HIV 
infection can be assured. The propor- 
tion of readable blots with indetarmi- 
nate patterns found among ELISA-pos- 
itive samples may vary from a‘most 
none in high-rrevalence populaticns to 
50% or more among blood dcors’ 
(C.T.F., unpublished observations, Oc- 
tober 1989). 

In this article, we discuss the theory 
and technology of the Western blot-anal- 
ysis, current 2riteria for evaluation of 
blots, and potential approaches to the 


resolution of irceterminate blots. 


STRUCTURAL PROTEINS OF HIV 


In common with other retroviruses, 
HIV has three major structural g2nes, 
gag, pol, and env, and a variety of segu- 
latory genes. Conventional Western 
blot tests for HIV are designed oaly to 
detect antibodies to the structural gene 
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products, although some specialized 
blots have been designed to detect anti- 
bodies to one or more regulatory gene 
products, such as nef.” The gag or group 
antigen gene codes for those polypep- 
tides comprise the core, or nucleocapsid 
of the virus. In simple terms, the prima- 
ry product of the gag gene is a 55-kd 
polypeptide that is processed, during 
viral maturation, to smaller polypep- 
tides, including those of 24 and 17 kd. 
The p55, p24, and pl7 polypeptides 
should be present in viral lysates and 
should be represented on the nitrocellu- 
lose Western blot strip. 

The pol, or polymerase gene codes for 
the complex of enzymes, is responsible 
for the process of reverse transcription, 
ie, the translation of the viral RNA ge- 
nome to a DNA sequence within the 
infected cell.* Key polymerase polypep- 
tides that should be expressed on a blot 
are the p66 reverse transcriptase en- 
zyme and its processed derivative, p51. 
In addition, the pol gene specifies a 31- 
kd polypeptide with endonuclease activ- 
ity, which must also be present on a 
blot. 

The env, or envelope gene, specifies 
the structure of the polypeptide compo- 
nent of the membrane glycoproteins of 
the retrovirus. The envelope peptides 
are glycosylated by cellular processes 
and are then found in the viruses as 
glycoproteins. The env gene specifies a 
160-kd parent glycoprotein that com- 
prises a 120-kd surface glycoprotein and 
a 4l-kd transmembrane component. Al- 
though the env glycoproteins appear to 
be subject to considerable variability in 
their primary sequences, there are 
some highly conserved areas of consid- 
erable importance, which will be dis- 
cussed elsewhere. A Western blot strip 
should include all of the env products, 
gp160, gp120, and gp41. Interestingly, 
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it has recently been suggested that in 
some blots those components with elec- 
trophoretic mobility equivalent to 120 
and 160 kd may actually represent a 
trimer and a tetramer of gp4l, 
respectively.’ 

As a result of the mechanisms inher- 
ent in glycosylation, individual glyco- 
protein molecules, although identical in 
peptide structure, will not be homoge- 
neous with respect to the number of 
saccharide residues. Consequently, on 
electrophoresis, glycopeptides tend to 
emerge as somewhat diffuse bands, and 
this diffused character is an extremely 
important component of the proper rec- 
ognition and interpretation of env bands 
on a blot. 

In the case of human immunodeficien- 
cy virus type 2, the corresponding poly- 
peptides have slightly different molecu- 
lar weights. The gag gene products are 
p55, p26, p16, and p12. The pol gene 
codes for a p68 reverse transcriptase 
and a p34 endonuclease. The env glyco- 
protein precursor is specified as 
gp 120/180, comprising an external 
gpl05/120 glycoprotein and a trans- 
membrane gp 36/41.° 


WESTERN BLOT TECHNOLOGY 


The initial use of the Western blot 
procedure for HIV antibodies was de- 
scribed by Sarngadharan and cowork- 
ers in 1984." In general, most HIV blot 
protocols are derived from this proce- 
dure.” Although a number of laborato- 
ries still prepare Western blot tests for 
their own use, prepared kits are readily 
available from a number of manufactur- 
ers. At the time of writing, one product, 
manufactured by Du Pont and Biotech, 
Rockville, Md, was licensed by the US 
Food and Drug Administration. 

The first stage in the preparation of a 
Western blot test is growth and purifi- 
cation of HIV. The purified virus is 
lysed by an appropriate detergent and is 
reduced and treated with sodium dode- 
cyl sulfate. This process releases the 
individual peptides from the virus and 
maximally extends each peptide so that 
its molecular size is directly proportion- 
al to its molecular weight. The treated 
viral lysate is then applied to a poly- 
acrylamide gel and electrophoresed in 
the presence of sodium dodecyl sulfate. 
The electrophoretic mobility of each 
peptide is inversely proportional to its 
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molecular weight. Thus, the lower-mo- 
lecular-weight peptides travel further. 
Once the polyacrylamide gel electro- 
phoresis is complete, the peptides are 
banded in positions that are related to 
their molecular weight. These bands 
are transferred to a sheet of nitrocellu- 
lose paper to stabilize them and to per- 
mit further manipulations. This process 
is achieved by placing the nitrocellulose 
sheet on the face of the acrylamide gel 
and applying an electrical charge 
through the thickness of the gel. The 
peptides migrate through and out of the 
gel and are trapped on the nitrocellulose 
in a pattern that exactly replicates what 
is originally on the gel. The blotted ni- 
trocellulose paper is washed and dried 
and cut into strips in such a fashion that 
the strips bear the overall band pattern. 
In commercially available Western blot 
kits, the strips have already been 
prepared. 

In order to perform the test, a dilu- 
tion of the serum sample is incubated 
with the strip. If antibodies to determi- 
nants on the peptides are present, they 
will adhere to the peptide bands on the 
strip. After incubation, the strips are 
washed and then exposed to an antiglob- 
ulin conjugate. Most frequently, the 
conjugate is horseradish peroxidase, al- 
though it is also possible to use radioac- 
tively labeled antiglobulin. The conju- 
gate detects the adherent antibodies 
and its presence is visualized by a reac- 
tion that generates an insoluble, colored 
precipitate in the case of the peroxidase 
conjugate. The substrates that are gen- 
erally used are 4-chloro-l-naphtho! or 
diaminobenzidine. Radiolabeled anti- 
globulin is detected by autoradiog- 
raphy. 

Once the reaction is complete, the 
Western blot strip can be washed, 
dried, and evaluated. In performing 
Western blot determinations, it is im- 
portant to include appropriate control 
samples. In addition to positive and neg- 
ative control samples, it is advisable to 
include a weak-positive sample, which 
can serve (as is the case with the Du 
Pont blot) as an intensity reference 
against which sample bands may be 
evaluated. In the case of blots that are 
being prepared in-house, it is important 
to include molecular-weight standards, 
at least until experience is gained. In 
addition, the acrylamide gel should be 


stained after electrotransfer in o:der to 
assure that the peptides have been 
completely transferred to the nitro- 
cellulose. 

Blot patterns for investigational sam- 
ples must be read with careful reference 
to established control samples. As a 
minimum, the presence, or absence, of 
bands in the gag, pol, and env complex 
must be read, ie, p17, p24, and p55; p31, 
p51, and p66; and gv41, gpl120, and 
gpl60. Bands may also be apparent in 
other positions. Although they may not 
have any diagnostic significance, it is 
generally accepted that only blots with- 
out any visible bands can be scored as 
negative. The presence of any bands 
requires that a blot be read either as 
positive or indeterminate, according to 
the criteria used. 

It is known that blots may include 
non—viral peptides. Reactions to such 
non—viral peptides can confuse the read- 
ing of a blot, and it is important to avoid 
confusion with viral bands. Most partic- 
ularly, actin, a component of the cells 
used to grow the virus, may be present 
and can result in a skarp band in the 
same area as pp41. A gp41 band must be 
characteristically diffuse to be regarded 
as legitimate, although it should be 
noted that a sharp band in the p41 re- 
gion may relate to infection with human 
Immunodeficiency virus type 2. Anoth- 
er potentially confusing reaction may 
occur around the 51- to 55-kd region; 
this is thought to represent an antigen 
of the HLA complex. Clearly, there is 
potential for confusion with the p51 and 
p55 viral bands. 


INTERPRETIVE CRITERIA 


As noted above, a blot that has no 
visible bands is interpreted as negative 
for HIV antibodies, and the subject or 
patient may be considered free of HIV 
infection. The key to reading a blet with 
visible bands is the criterion that is used 
to define a positive result. Over the 
years, there have been a number of dif- 
ferent sets of such criteria. There has 
been considerable discussion and con- 
troversy about interpretive criteria, 
and, even now, there does not seem to 
be a uniform consensus as to the ulti- 
mate standard. 

When the Western blot was first de- 
scribed as asupplementary test for HIV 
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Tzbe 1.—Intarpretive Criteria for Western Blot Tests 


` 
. 
. 


Minimum Band Requirements for 
a Blot to Be Termed ‘‘Positive”’ 


Two o` p24, 9p41, or gp 120/160 

324 oF p31 and one of gp41 or gp 120/160 

924 ard p31 and one of gp41 or gp120/ 160 

one of p17, p24 or p55 and one of p31, p51 or p66 and one of gp4~ or 













* ASTPHLD indicates Associaton of State and Territorial Public Health Laboratory Directors, lowa Gits, lowa! 
CEC, Centers for Disease Control, Atlanta, Ga; CRSS, Consortium for Retrovirus Serology Standarcization, 
Davis, Galif; and ARC, 4m2rican Rad Coss, Washington, DC. 


_ ELISA, the US Public Health Service 
' published a document tkat ineluded its 
reconanendation that a blot which in- 
cludec a band at the p24 and/or gp41 
regior should be reac as posisive.” Ex- 
perierce kas shown zhat chis cciterion is 
inappropriate; Inesmuch as single bands 
at p24 are frequently observed in unin- 
fected individualz.“~ Subsecuently, a 
recommendation fror: the National In- 
stitutes of Health, Bethesda, Md, sug- 
gested that bands az zeta p24 and gp41 
were ~equired to deñme a blat as posi- 
tive. This criterionis Highly sp2cific, but 
does lack sensitivity. 

These early criteria were developed 
prior -0 a time when Dlozs routinely in- 
cladec glycoproteins of nigh molecular 
weighs. Once reactions to these glyco- 
protems could be reiakly detected, a 
variety of newer criteria have been pro- 
posed. These criteria are outlined in Ta- 
ble 1. In essence, they fall into two 
groups: The first group of criteria are 
essen-ially pragmasie, Dlacirg strong 
reliance on the presence of bards to gly- 
ecpro-eins. These crit2ria are those pro- 
posed by the Associetion of State and 
Territorial Public -lealzh Laboratory 
Direccors (ASTPHLD} Iowa City, 
Icwa,* and subsequently encorsed by 
the Centers for Disease Control (CDC), 
Atlansa, Ga,“ and thoze proposed by the 
Consartium for Rztrovirus Serology 
Standardization (CRSS). Davis, Calif.” 
Tae major difference betweenthese cri- 
teria is that CRSS does require the 


presence of bands tc ine prodtcts of two _ 


genes, whereas the ASTPELD/CDC 
criter-on could define a sample as posi- 
tive o2 the basis of the presence of anti- 
bodies only to env gene products. Inter- 
estingly, if the epparent g5120 and 
gpi6C bands actually represent mul- 
timers of gp41, a sarnpke cocld be de- 
fined as positive cn the basis cf antibod- 
ies to gp41 alone.” The second group of 


criteria require the presence of antibod- 
ies to the products of each of the three 
structural genes. Of course, these rrite- 


_ ria are also developed on the basis of 


careful evaluation and analysis of ectual 
patterns, but have the theoretical ad- 
vantage that antibodies to multiple in- 
dependently expressed gene products 
must be present, implying the potantial 
for increased specificity. The criteria 
for the evaluation of the Du Pont West- 
ern blot test have seen approved ky the 
Food and Drug Administration. They 
call for the preser.ce of antibody bands 
to p24, p31, and one of the env glycopro- 
teins, although it is recognized that 
more relaxed criteria may be justified in 
the context of additional information 
about-the patient’ (product inseri, Du 
Pont Western blot kit for antibodies to 
HIV). The American Red Cross, Wash- 
ington, DC, has adopted a criterion that 
calls for the presence of antibodies to at 
least one product from each of the three 
structural genes.” __ 

Although these criteria appear to be 
very dissimilar, tne nature of the im- 
mune response to HIV is such that, in 
most cases, a blot zhat is positive ty one 
of the criteria will also be positive by the 


others. This is particularly true for indi- ` 


viduals in the asymptomatic phese of 
infection. However, in the eerliest 
phases of infection, antibodies to ciffer- 
ent viral components do develap se- 
quentially, and there is a reductzon in 
the levels of antibodies to some of the 
viral components during the symptom- 
atic stages of the disease.* At thes2 ear- 
ly and late phases, the use of different 
blot criteria may be more likely to gen- 
erate different interpretations. Im par- 
ticular, the response to p31 is not consis- 
tent, although we ‘have observec that 
antibodies to p66 cre almost always pre- 
sent if those to p31 are absent. 
Indeterminate blot patterns cause 
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the most difficulties in interpretation. 
Although there are some patterns that 
are thought to be unrelated to HIV in- 
fection, any indeterminate blot requires 
additional serologic, virologic, or clini- 
cal information for proper interpreta- 
tion. An individual without symptoms 
related to the acquired immunodeficien- 
ey syndrome (AIDS) who has an inde- 
terminate pattern that remains un- . 
changed in samples drawn 3 to 6 months 
apart is amost certainly not infected 
with human immunodeficiency virus 
type 1 (HIV-1)." This area will be dis- 
cussed in greater detail below. 


BAND PATTERNS OBSERVED 
IN WESTERN BLOTS 


Table 2 shows the results of a study 
evaluating the distribution of bands ob- 
served when performing blots on sam- 
ples taken from patients with AIDS and 
from blood donors.” In this table, the 
Red Cross criterion was used to define a 
positive specimen. Particularly note- 
worthy is the uniform presence of env 
bands of high molecular weight in all 
positive samples and their absence 
among samples showing indeterminate 
results. In addition, although the p31 
band seems to be highly specific, it is 
absent in 5% of positive donors or 6% of 
patients with AIDS. Table 3 illustrates 
the pattern of development of antibody 
reactivities during seroconversion in 
one typical sequence of samples. In gen- 
eral, antibodies to gag-encoded proteins 
appear first, followed closely by those to 
env glycoproteins. In this series, using 
the Du Pont blot, the first pol reactivity 
to appear is to p66. 

A number of groups have reviewed 
the impact of different reading criteria 
for the Western blot (Rapoza et al, un- 
published observations).*” These stud- 
ies have most frequently been used to 
support a particular interpretive stan- 
dard. It is, perhaps more important to 
emphasize that there is a group of crite- 
ria that generate remarkably similar 
outcomes when they are compared on 
the same sample population. Table 4 il- 
lustrates this point, using data from the 
literature and from our own evaluation 
of data from 951 selected blood donor 
samples, It is clear that the differences 
between the ASTPHLD/CDC, the 
CRSS, and the American Red Cross cri- 
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Table 2.—-Frequency of Band Expression in Western Blot Tests’ 


Samples With Detectable Bands, % 
61ers hi rep p/h apheresis 77 p 9 
Patients With AIDS 

(n = 127) 


gp41 
9p 120 
gp i160 


Seropositive Donorst 





indeterminate} 


(n = 914) (n = 969) 


*From Sandler et al®. AIDS indicates acquired immunodeficiency syndrome. 
Blood donors with reactivity to at least one band from each of the gag, pol, and env genes. 
Blood donors with visible bands that do not meet the criteria noted above. 












* First available sample. 


Table 3.—Development of Western Blot Pattern During Seroconversion 
in a Single Individual j 


Western Blot Patternt 


p66 gp4i gpi26 gp i160 
0 —t + _ ~ men _ _ ~~ + 
7 - + ~ “m - - — ~ * 
9 — + - - + — - + 
16 — + — _ $ $ = a 
21 — + — = + + zE + + 









tMinus sign indicates no visible band; plus sign over minus sign, band with an intensity iess than that of the 
weak control sample; plus sign, band with intensity equal to or greater than that of the weak control. 


No. With 
Detectable 
Bands 


Study 


Population 


% Classified as Positive by 
the Criteria of 


pepe 2 RR a e A A e A, 
ASTPHLD/CDC 


CRSS Du Pont/ Biotech ARC 





* ASTPHLD indicates Association of State and Territorial Public Health Laboratory Directors, lowa City, lowa; 
CDC, Centers for Disease Control, Atlanta, Ga; CRSS, Consortium for Retrovirus Serology Standardization, 
Davis, Calif; and ARC, American Red Cross, Washington, DC. l 


teria are relatively small, but the crite- 
ria included in the produet insert of the 
Du Pont blot kit appear to be less sensi- 
tive. However, it is important to note 
that those criteria are recommended for 
use in circumstances where specificity 
is paramount (ie, notification of blood 
donors) and where there is no other sup- 
porting or diagnostic information. How- 
ever, it seems likely that a somewhat- 
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less-rigorous three gene criterion, such 
as that of the American Red Cross, may 
be as specific and, perhaps, more sensi- 
tive. Finally, skill and experience are 
required to read blots effectively and 
accurately. It may not be possible to 
formalize every aspect of the judgment 
used to read a difficult blot, other than 
to reemphasize the need for detailed as- 
sessment of the placement and nature of 


each observed band. One unresolved is- 
sue is the need for an intensity stan- 
dard. While this is an integral compo- 
nent of the Du Pont procedure and is 
certainly extremely important in the 
standardization of reading, many lab- 
oratories do not rely on any intensity 
criteria. Certainly, there are cases 
where strict adherence to requirements 
for intensity may result in the improper 
classification of a positive sample as an 
indeterminate sample. 

A Western blot test cannot be readily 
interpreted when bands are present but 
the criteria for positivity are not met. 
Such patterns are defined as indetermi- 
nate, In testing samples that are repeat- 
edly reactive in ELISA, the frequency 
of indeterminate blot patterns may be 
as high as 20% in populations with a low 
prevalence of HIV infection.” Interest- 
ingly, even among persons whose tests 
show negative results for HIV antibod- 
ies in ELISA, up to 15% of persons may 
have tests showing bands on a blot, even 
though they are clearly not infected 
with HIV (product insert, Du Pont 
Western blot kit for antibodies to HIV). 
The causes for these bands are not clear, 
but potential explanations are discussed 
elsewhere in this issue of the AR- 
CHIVES.” Table 5 shows the band pat- 
terns found in reviewing 480 blots from 
ELISA-positive blood donors defined 
as indeterminate on the basis of the Red 
Cross criterion for a positive blot 
reading. 


RESOLUTION 
OF INDETERMINATE BLOTS 


Although it has been recommended 
that laboratories should report test re- 
sults as positive, indeterminate, or neg- 
ative,“ an indeterminate outcome can- 
not be regarded as complete and every 
attempt should be made to resolve the 
laboratory finding. When appropriate 
additional viral or clinical information is 
available, certain incomplete blot pat- 
terns (particularly those characterized 
by weak or absent gag reactivities) may 
indeed be supportive of an overall diag- 
nosis of HIV infection. However, in our 
opinion, an indeterminate blot should 
not be interpreted as evidence of HIV 
infection solely on the grounds that the 
subject has an AIDS risk factor. 

In the case of an asymptomatic indi- 
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Table 5.—Distributicn of Viestern Blot Reactivity Among 430 Blood Donors With 
Pacterns Classified as indeterminate 


Band Pattern 


Unreadab'e 


vidual, the major diff culty im interpret- 
irg indeterminate blot patterns (partic- 
u.arl, those characterized by the 
presence of reactivizy to the wag peptide 
p24) ts the possibilty that tre pattern 
signifies early development of antibod- 
ies during serocczversicn. Im fact, this 
outcome appears to be infrequent in 
low-resk populatiozs—in our study, 
only ebout 1% of voluntery ccnors with 
indeterminate patterns are “cund to be 
in the process of serozor.verzinn. Klein- 
man et al’ reported that 5 oZ 93 donors 
with an indetermirate bb: pattern 
were actually infected w.th HIV. On the 
_ ovher hand, in prospectively followed, 
high-risk populations, a high proportion 
or inceterminate blot pattems may re- 
flect seroconversion. The sixplest way 
to determine whethe= an inceterminate 
pattern is associated with seroconver- 
sion .s to evaluate a second sample, 
‘drawn after a suitable time period. Se- 
rocorrversion will be complet=.and a pos- 


p66 gp4i 


gp129 gp160 No. 





itive Western blot pattern will have 
evolved. Most authorities recommend 
that the second sample should be drawn 
3 to 6 months after the first; however, 
the actual prccess of seroconversion is 
rapid and a lesser waiting period should 
be adequate, as discussed by Kleinman 
elsewhere in this issue of the AR- 
CHIVES.” 

Conversely, many studies have 
shown that a stable indeterminate blot 
pattern is almost certainly not due to 
infection with HIV-1.°" Thus, irdivid- 
uals who, on follow-up, have retained 
the indeterminate pattern may be ad- 


. vised to this effect.” However, the re- 


quirement for a second sample is unde- 
sirable, since it delays the final result 
and will, in most circumstances, result 
in justifiable concern for the individual 
who is being <ested. Thus, it would be 
beneficial to ~esclve an indeterminate 
blot pattern b; additional testing on the 
initial sample. We have investigated 
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this possibility by reviewing serologic 
test results in a population of blood do- 
nors entered into a multicenter, pro- 
spective study designed to evaluate the 
significance of HIV infection in the do- 
nor population. Three groups of donors 
were studied: those with confirmed 
HIV infection; age- sex- and race- 
matched controls, nonreactive in HIV 
ELISA; and ELISA-reactive donors 
with indeterminate blot patterns. We 
selected 98 individuals with indetermi- 
nate blot patterns from the latter two 
groups. On the basis of at least one, and 
up to five subsequent samples, drawn at 
6-month intervals, we were able to es- 
tablish that all but one of the 98 subjects 
had stable or transient indeterminate 
blot patterns and were, thus, not infect- 
ed with HIV-1. The remaining individ- 
ual, originally selected as a seronega- 
tive control subject, developed a blot 
pattern with weak bands at p55, p66, 
and gp160 on his second visit; this sam- 
ple was nonreactive in ELISA tests for 
HIV antibody. At two subsequent vis- 
its, this subject had a full-positive West- 
ern blot pattern with reactions to all 
viral proteins. He had risk factors for 
HIV infection, and the subsequent sam- 
ples were classified as a true positive. 
The 98 samples were tested with two 
developmental ELISA procedures de- 
signed to detect antibodies to env glyco- 
proteins (pPENV9, DuPont, and Recom- 
bigen-EJA, Cambridge Bioscience). 
Both procedures are based on the use of 
a recombinant peptide that includes the 
junction between gp41 and gp120"*"; 
Recombigen also includes a recombi- 
nant p24. One of these tests has been 
proposed as a component of a diagnostic 
algorithm for HIV serology.” The pat- 
terns of reaction that we observed are 
outlined in Table 6. Although some sam- 
ples were repeatedly reactive with one 
or other of the tests, there was no case in 
which the recombinant tests supported 
each other. These tests, in common with 
routine screening ELISAs, also failed 
to identify the single seroconversion 
sample described above, although they 
showed positive results on all subse- 
quent samples and uniformly show posi- 
tive results on samples that are con- 
firmed to be positive. These data 
suggest that it may be possible to use 
additional serologic tests for antibodies 
to env glycoproteins in order to define” 
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Table 6.—Reactivity of 98 
Indeterminate Samples in 
Recombinant ELISA Tests for HIV-1 
env Antibodies * 


Test Results 
praene 
pENV 9 





* Ninety-seven samples from individuals known to 
be uninfected on the basis of follow up; 1 early sero- 
conversion. ELISA indicates enzyme-linked immu- 
nosorbent assay; HIV-1, human immunodeficiency vi- 
rus type 1. 

tThis group included the early seroconversion 
sample, which was also ncnreactive in licensed ELISA 
tests. 


or exclude a diagnosis of HIV infection 
for most individuals with indeterminate 
blot patterns. In this issue of the 
ARCHIVES, Ascher and Wilber” point 
out that indirect immunofluorescence 
may also be effective in this context. 
More work to validate this approach to 
the resolution of blot patterns is in pro- 
gress in this and other laboratories. 
Although only a few cases of human 
immunodeficiency virus type 2 infection 
have been identified in the United 
States,” it is important to be aware that 
there is at least a theoretical possibility 
that some indeterminate patterns on 
HIV-1 Western blot tests could reflect 
infection with human immunodeficiency 
virus type 2. In particular, there is ho- 
mology between the gag and pol genes 
of the two viruses and, thus, HIV-1 
blots with reactions to products of these 
genes may merit further investigation 
by the Centers for Disease Control. ®” 


SUMMARY 
AND RECOMMENDATIONS 


Sereening tests for HIV antibodies do 
generate false-positive reactions and, 
when used to test populations with low 
prevalence rates, positive predictive 
values may be as low as 10%. Additional 
testing is necessary to confirm a reac- 
tive sereening test, and the Western 
blot procedure is frequently used for 
this purpose. The Western blot is a tech- 
nique for visualizing antibodies to indi- 
vidual viral polypeptides, and certain 
patterns of reactivity are interpreted as 
confirmation of HIV infection; the ab- 
sence of any pattern signifies the ab- 
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sence of infection. Unfortunately, some 
indeterminate patterns occur that can- 
not be readily interpreted and require 
further resolution. 

_ In using the Western blot procedure, 
the following recommendations should 
be considered. 

1. The blot system used should be 
licensed, or should be shown to have 
equivalent performance characteristics 
to a licensed system. 

2. Appropriate criteria should be 
used for evaluation of the blot. We be- 
lieve that the criteria recommended by 
the ASTPHLD and CDC" are appropri- 
ate when additional diagnostic informa- 
tion is available or when used for epide- 
miologic surveys that do not involve 
notification of the subject. In circum- 
stances where individuals are to be noti- 
fied solely on the basis of serologic test 
results, we support the use of a three- 
gene criterion.*” 

3. Indeterminate Western blot re- 
sults should be resolved. Currently, 
evaluation of a second sample, taken 
after 2 or more months, is most appro- 
priate. However, it is anticipated that 
additional serologic analysis of the first 
sample may prove to be a satisfactory 
means of resolution of indeterminate 
blots. 

4. The remote possibility that unusu- 
al blot patterns, particularly those char- 
acterized by the presence of reactions to 
both gag and pol gene products, may 
signify infection with retroviruses other 
than HIV-1 should be considered; fur- 
ther evaluation of the sample or patient 
may be indicated in a limited number of 
cases.” 
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® Indirect imracnofiuorsscence 
antibcdy testing is a mainstay of re- 
trovirus serodiagnosis in the public 
health communily, affording quick, 
inexpensive, and clear results with 
significant advantag2s over Western 
blot testing. Limitations regarding 
trainirg of personne! and availability 
_ of reagents will probably continue 
and mit indirect immnunofluores- 
cenceantibody testing to the present 
users. 

(Arch Pathol Lab Med. 1390;114: 
246-248) 


Ji ndizect immunoñmorescence anti- 
bocy (IFA) testirg has been applied 
to the serodiagnosis of human retro- 
virus infection sinze tke first character- 
izatior of these viruses.’ Indirect immu- 
nofluo-escence antikocly <esting affords 
the user an oppartunity to visualize 
quickly a result and compare it with a 
built-in control. In contrast w.th West- 
ern blot analysis, it Joes not differenti- 
ate the componen? o? the virus to which 
the serologic respors2 is directed. Al- 
though IFA was used axtensively in 


early studies, it has seen supp.anted by 
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the Western blot technique for large- 
scale use in determining human immun- 
odeficency virus (HIV) antibody status 
based on regulatory issues and the fact 
that the Western klot procedure is per- 
ceived to be the “gold standard” based 
on studies of the molecular biolozy of 
HIV. Although IFA has been over- 
looked in this evolutionary process, in 
our view it has an important, continuing 
role in retrovirus serologic investiga- 
tions. The purpose of this review is to 
provide an annotated bibliography of 
the history of the immunofluoreseence 
serologic investigation for retroviruses 
and discuss its current role and status. 


HISTORY 


After the description of the acquired 
immunodeficiency syndrome (AIDS) on 
clinical grounds, studies using IFA se- 
rologic techniques implicated the only 
known human retrovirus, human T-cell 
lymphotropic virus type I, in its or-gins. 
Using the difftcult-to-interpret mem- 
brane fluorescence technique, Essex et 
al’ claimed presence of antibody to hu- 
man T-cell lymphotropic virus type I in 
approximately 25% of AIDS cases. 
Since it was later learned that there is 
neither a significant cross-reactian be- 
tween human T-cell lymphotropic virus 
type I and human HIV type 1 nor a large 
percentage of doubly infected individ- 
uals, this study generated distrust 


~ 


246 Arch Pathol Lab ed—Vol - 14, March 1990 


within the scientific community of the 
IFA procedure in general for use in 
AIDS. Shortly after the discovery of 
HIV, IFA was applied by Kitchen et al’ 
with a 70% overall success rate in clini- 
cal AIDS and good correspondence be- 
tween IFA and radioimmunoprecipita- 
tion. Kaminsky and coworkers’ adapted 
their AIDS-associated retrovirus iso- 
late to this purpose in 1985 and pub- 
lished information on the variable na- 
ture of the end point titer obtained. The 
earliest work from Great Britain inves- 
tigating antibodies to HIV, using both 
lymphadenopathy-associated virus and ` 
human T-cell lymphotropic virus type 
ITI strains in IFA, showed equivalence 
with an early radioimmunoassay in 95% 
of cases. The Public Health unit in En- 
gland used IFA with fixed cells in a 
retrospective survey documenting the 
arrival of HIV infection in 1980 in their 
study population,’ and Jones et al’ used 
IFA in a similar retrospective study of 
hemophiliacs. Correspondence be- 
tween these results using IFA and im- 
munoperoxidase was reported by Kar- 
pas et alin 1985.° 

Shortly after the licensing of the en- 
zyme immunoassay (EIA) test kits for 
sereening blood in the United States, a 
direct comparison was published be- 
tween IFA and Western blot analyses 
for the confirmation of reactive blood 
donor samples.’ A group using a locally 
developed EIA for sereening claimed 
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a, 


equivalence in reliability between IFA 
and Western blot analyses in confirming 
high-risk samples.” Ragni and collabo- 
rators” published findings showing that 
IF'A-positive hemophiliacs had a high 
frequency of antibody to p24 or gp41 on 
Western blot investigations; the first 
prospective study of hemophiliac sero- 
conversion used IFA.” Hedenskog et 
al” published an extensive study of the 
performance characteristics of IFA 
used as a sole test for HIV. Our labora- 
tory compared antibody detection by 
EIA, IFA, and Western blot techniques 
and found IFA and Western blot tech- 
niques to be equivalent and also noted 
that IFA tests could actually detect 
antibody to HIV earlier than could EIA 
tests in a high-risk, public health clinic 
population.” Further confirmation of 
this phenomenon was published by 


‘Bach and Boothby” who presented re- 


sults of an individual with AIDS demen- 
tia whose tests showed positive [FA 
and radioimmunoprecipitation results 
but negative EIA findings. These find- 
ings led to the improvement and reli- 
censing of EIA reagents. Other com- 
parative studies have been published 
with favorable results for the IFA 
method.” In a study by Carlson et al,” 


_ which otherwise showed equivalence 


between Western blot and IFA testing, 
IFA negative specimens that showed a 
“n24-only” Western blot analysis were 


- considered positive, and the sensitivity 


of the IFA test was questioned. These 
specimens would now be interpreted as 
indeterminate (and probably negative). 

The importance of the method of fixa- 
tion of the cells has been pointed out by 
Fauvel and Ozanne.” Adaptation of the 
IFA method to advanced technology 
with laser light sources and flow quanti- 
tation has been reported.”” Successful 
application of IFA in a commercial ref- 
erence laboratory was reported by Len- 
nette et al” and in general use in Bel- 
gium by van der Groen and coworkers” 
and in West Germany by Schmidt et al.” 
Although not published, the method is 
used internationally in reference lab- 
oratories ranging from Brazil to South 
Africa. 


CURRENT STATUS 


Indirect immunofluorescence anti- 
body testing has specific utility in the 
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diagnosis of retroviral infections in 
man. Using an infected cell substrate 
with the appropriate controls and well- 


trained personnel, the technique can 


be extremely useful for confirming 
screened E]A-reactive specimens. In a 
high-risk population, a clear positive re- 
sult can often be obtained and reported 
at low cost and with great speed. A 
specimen with an indeterminate West- 
ern blot pattern can be reported as posi- 
tive based on a reactive IFA. A nega- 
tive IFA result. on an EJA-positive 
specimen is not considered definitive 
and must be followed by a blot showing 
negative results or recombinant assay 
to result in an overall negative report. 
The sequence used in our laboratory, 
IFA as primary confirmatory test, fol- 
lowed by a Western blot test only for the 
resolution of nonspecific patterns, is the 
most efficient and cost-effective means 
of performing reportable HIV serologic 
findings in a population with any appre- 
ciable prevalence: 

‘The Consensus Conferences on Test- 
ing for Human Retroviruses, sponsored 
by the Association of State and Territo- 
rial Public Health Laboratory Direc- 
tors, have taken a strong stand on the 
use of IFA, including its endorsement 
as an alternative to Western blot testing 
in 1986." Subsequent Consensus Con- 
ference statements have maintained 
that position, with the recommendation 


of a standard method,” a recommenda- 


tion that the US Food and Drug Admin- 
istration expedite approval,” and defin- 
ing the role for IFA in the overall 
testing plan.” Through the use of these 
guidelines, the public health community 
has functionally adopted the IFA 
method. 

Based on performance considerations 
alone, a strong case can be made for the 
use of IFA testing in retrovirus serodi- 
agnosis in high-prevalence situations 
(other than blood banks). Additionally, 
using Western blot testing for confirm- 
ing all HIV type 1 ETA-positive findings 
is prohibitively expensive and results in 
confusion due to indeterminate blot pat- 
terns in infected individuals. As an im- 
pediment to widespread use, IFA is a 
subjective procedure requiring training 
of personnel, and the performance of 
IFA by untrained personnel is not rec- 
ommended. Licensing of reagents does 
not solve this problem. The model that 


exists at present, where major public 
health laboratories, both in California 
and around the United States use unli- 
censed immunofluorescence test proce- 
dures and cooperate in training person- 
nel, appears to be the best compromise 
and should continue to be successful. 


AVAILABILITY OF REAGENTS 


In spite of the de facto approval de- 
scribed above, the field of immunofluo- 
rescence testing for retroviruses is sty- 
mied by the lack of availability of 
reagents approved by the US Food and 
Drug Administration. In the current cli- 
mate of Food and Drug Administration 
approval driven by blood bank require- 
ments, itis unlikely that an immunofluo- 
rescence assay can overcome its image 
as a subjective test and pass quality 
control requirements for approval. 
However, for use in public health set- 
tings such reagents should certainly be 
available and an alternative pathway, 
such as a device approval under the 
510K process (ie, the form used in filing 
a product application for diagnostic use 
without the elaborate review required 
by biologic for all AIDS-related’ prod- 
ucts), should be utilized. In any case, 
research reagents provided either by 
manufacturers or through the public 
health network as a cooperative ven- 
turë will continue to cover the low-level 


requirements that such reagents 
represent. 
OTHER RETROVIRUSES 


As one would infer from the experi- 
ence with HIV, the utility of IFA should 
be as great or greater in the case of 
serodiagnosis of infection with human 
T-cell lymphotropic virus types I and IT, 
since the experience with confirmatory 
assays for those viruses is even more 
confusing. In our laboratory, IFA has 
been a mainstay of the epidemiologic 
studies conducted for a virus that is pre- 
sumed to be like the human T-cell lym- 


- photropie virus type II seen in drug us- 


ers in California.” Other workers have 
compared IFA with Western blot and 
EIA analyses” and with particle agglu- 
tination”* with favorable results. One 
article has appeared on żhe use of IFA in 
the diagnosis of infection with human T- 
cell lymphotropic virus type IT” and we 
have used the procedure in serosurveys 
for this variant virus. 


Immunofluorescence—Ascher & Wilber 247 


COMMENT 


Indirect immunof-uorescence anti- 
body esting is a méinstay of retrovirus 
serod_agnosis in the public health com- 
munity, affording qvick, inexpensive, 


and clear results with significant advan- | 


tages over Western klot testing. Limi- 
tations regarding traning of personnel 
and availability af reagents restrict its 
use, and such restrictions will probably 
conticue and limit IFA testing to the 
present users. 
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Human Immunodeficiency Virus Type 1 


Antigen and Culture Assays 


J. Brooks Jackson, MD 


e Commercial enzyme immunoas- 
says have recently been developed 
for the detection and quantitation of 
human immunodeficiency virus type 
1 (HIV-1) viral proteins in blood and 
other body fluids of infected patients. 
At the same time, culture assays for 
HIV-1 have become more rapid, sen- 
sitive, and specific for HIV-1 isolation 
from the blood of infected patients. 
Both of these assays have clinical 
utility in the diagnosis, prognosis, 
and monitoring of HIV-1 infection in 
certain patients. 

(Arch Pathol Lab Med. 1990;114: 
249-253) 


D etection of antibodies to human im- 
munodeficiency virus type 1 (HIV- 
1) in the serum of HIV-1—-infected indi- 
viduals has and will probably continue 
to be the most inexpensive, rapid, and 
sensitive method of diagnosing HIV-1 
infection. However, the recent develop- 
ment of sensitive HIV-1 culture meth- 
ods and the commercial availability of 
HIV-1 antigen detection assays have 
enhanced the laboratory’s capabilities 
interms of the diagnosis, prognosis, and 
research of HIV-1 infection. The intent 
of this article is to update a previous 
review by describing (1) recent meth- 
ods used in HIV-1 antigen and HIV-1 
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culture assays, (2) the sensitivity and 
specificity of these assays, and (8) the 
clinical and research applications of 
these tests. 


HIV-1 ANTIGEN DETECTION 
ASSAYS 


In 1985, McDougal et al’ first described an 
HIV-1 antigen enzyme immunoassay (EIA) 
that was successful in detecting HIV-1 in 
culture supernatants. Previously, the detec- 
tion of HIV-1 in cell culture was primarily 
dependent on detection of reverse transcrip- 
tase (RT) activity, which is a relatively te- 
dious procedure. The HIV-1 antigen ETA, on 
the other hand, was not only technically easi- 
er but also as sensitive and more specific. 
Nevertheless, the initial HIV-1 antigen 
EIAs were not sensitive enough to detect 
HIV-1 directly in the blood or body fluids of 
HIV-1~infected individuals. 

However, in 1986 commercial EIAs be- 
came available for the direct detection of pri- 
marily the HIV-1 p24 core antigen in serum, 
plasma, and cerebrospinal fluid (CSF).* The 
principle of HIV-1 antigen detection in these 
kits involves incubating the patient’s speci- 
men for 1 hour or as long as overnight with a 
polystyrene bead or in a plastic microwell 
coated with monoclonal or polyclonal anti- 
HIV antibody. The bead or microwell is then 
rinsed and incubated with an enzyme-conju- 
gated monoclonal or polyclonal rabbit or goat 
antibody to HIV-1 antigen to form a sand- 
wich. Some assays add an enzyme-conjugat- 
ed antigoat or antirabbit antibody to the 
probe antibody to enhance sensitivity and 
specificity (Fig 1). After washing, the appro- 
priate substrate can then be added. If the 
antigen-antibody-enzyme complex is pre- 
sent, a color change will be detected by an 
Increase in absorbance at a specific wave- 
length. Dilutions of known amounts of HIV-1 
antigen can be used to generate a standard 
curve for quantitating the amount of free 


HIV-1 antigen in the patient’s specimen. The 
detectable limit for this assay has been re- 
ported to be between 10 and 50 pg of HIV-1 
antigen per milliliter depending on the assay 
and whether it detects only the p24 antigen 
or additional HIV-1 antigens.” 

Because different kits may detect one or 
more HIV-1 antigens as well as use different 
reference material to generate a standard 
curve for quantitation, it is not surprising to 
find 1- to 10-fold differences in the level of 
detectable HIV-1 antigen in the same serum 
specimen using kits from different 
manufacturers.”* 

If a specimen is found to be repeatedly 
reactive, a specific antibody neutralization 
assay should be performed to confirm the 
presence of HIV-1 antigen. This assay is also 
commercially available with most HIV-1 
antigen kits and involves preincubating the 
specimen or control with human antibody to 
HIV-1 before running the HIV-1 antigen 
EIA assay. If HIV-1 antigen is present, the 
neutralizing antibody will form an immune 
complex that prevents binding of the HIV-1 
antigen to the HIV-1 antibody-coated bead 
or microwell. This results in a reduction of 
absorbance when compared with the speci- 
men in which human serum nonreactive for 
antibody to HIV-1 is used in place of neutral- 
izing antibody. A specimen is considered to 
be confirmed positive for HIV-1 antigen if 
the reduction in absorbance of the neutral- 
ized specimen when compared with a 
matched nonneutralized control is 50% or 
greater, and if the nonneutralized control 
absorbance is greater than or equal to the 
calculated cutoff?” 

Serum, plasma, CSF, and cell culture su- 
pernatant have been shown to be suitable 
specimens for HIV-1 antigen detection by 
EIA. However, testing of lipemic or hemo- 
lyzed specimens should be avoided. If speci- 
mens are to be stored, they may be refriger- 
ated at 2°C to 8°C for as long as 1 week or also 
frozen. Multiple freeze-thaw cycles of the 
specimen should be avoided. 
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Fig 1.—Diagram of human mm anodeficiency vrus (HIV) antigen enzyme immunoassay de- 
sign. k PRO indicates horseradsh peroxidase; OPD, o-phenylenediamine. Sensitivity is 50 
oc/mL. of purified HI’. (Courlesy of Abbott Laboretories, North Chicago, Ill.) 


The assay generally takes 4 tc 24 hours to 
verform the entire procedure depending on 
the kit. If a test is repeated and then the 
specimen neutralized for ecnfxmation, it 


may take 2 to 4 days to gererate a positive _ 


zest result. The cost ofreagents Zor research 

laboratories is approximately $4 to $8 per 
zest, se that obtaining a confirraed positive 
test result may cost at least $20 “or ragent 

alone. 

_ Whiie the primary antibody used to cap- 
zure the HIV-1 antizen is pclyelonal in most 


assays the specific antibody for zhe p24 core’ 


vroteirs appears to heve 10 000 times more 
affinity than the antinodies for ¢p120/41 en- 
velope proteins.” Consequent_y, the current 
antigea EIA kits primarily detect p24 anti- 
zen. Itis important to emphasize that these 
tests appear to detact free p24 antigen. In 
“patients who heve dezectakle lavels of p24 
antibody, p24 antigen appears to be com- 
vlexed.with antibody end is often difficult to 
detect. This concept 5 alsc supported by a 
study in which 35 (70%) of 50 patients with 
Western blot-positive cultures with absent 
p24 artibody levels kad datectable HIV-1 
antigen, compared with 3 (8%) o” 88 patients 
with detectable levels of p24. antibody.” 
Moreover, patients who are initZally antigen 
pcsitive after exposure often kecome antigen 
negative when they sezoconvert and develop 
p24 artibody.* Likewise, it is 2ommon for 
patients to become anzigen posicive as their 
p24 artibody level fals duzing ‘progression 
from the asymptomati: state to acquired i im- 
mranodeficiency syndrome (AICS).*"*” It is 
nct clear whether this increased:positivity is 
due to greater antigen prod:icticn as the dis- 
ease progresses or 20l2ly due to falling anti- 
bcdy t-ters or both: One study saggests that 
the production of detectable HIV-1 antigen 
reflects enhanced expression of viral genes 
ar.d that loss of p24 antibody is secondary.” 


It should be noted that the ability ot these 
assays to detect HIV-2 antigen is limited, 
judging from one study in which HIV-2 anti- 
gen could be detected in the serum of only 2 
(11%) of 18 patients with HIV2 intection 
using an HIV-1 antigen kit.” 

The ability to detest the presence of -IIV-1 
directly in serum or CSF is a significent im- 
provement over ant:body testing in several 
respects. First, the direct detection of HIV-1 
antigen indicates active HIV-1 infection as 
opposed to past exposure to HIV-1 preteins. 
Second, serum antigen detection maj allow 
for the diagnosis of HIV-1 infection >efore 
antibody seroconversion. For example, in 
the Multicenter AIDS Cohort Study, IB (8%) 
of 154 men known to have seroconverted 
were antigenemic 6 months before the visit 
at which antibody was first detected.” Third, 
the detection of HIV-1 antigen in serum has 
prognostic significance. Among HIVA anti- 
gen-positive, asymptomatic, antibod--posi- 


tive gay men, 59% progressed to AIDS over 


a 36-month period compared with 15% of 
HIV-1 antigen-nezative, asymptcmatic, 
antibody-positive gay men.” Moreover, 
HIV-1 antigen levels tend to increas2 with 
disease progression in a given individual.” 
However, there appears to be no corrzlation 
between the level of HIV-1 antigen and the 
clinical stage of disease when compartig dif- 
ferent individuals. For example, in onw lab- 
oratory the mean HIV-1 antigen level of 22 
antigen-positive asymptomatic individuals 
was 427 pg/mL (range, 23 to 1594 pz/mL), 
compared with 257 og/mL (range, 58 to 903 
pg/mL) in 21 antigen-positive patients with 


_ AIDS not receiving anti-HIV therapy: 


Nevertheless, the sensitivity of the HIV-1 
serum antigen assay is poor if one assumes 
that all HIV-1 antibody—positive individuals 
are infected other than those with maternal 
antibody or passive recipients of such immu- 
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noglobulins. The sensitivity of the test im- 
proves, with clinieal progression of disease 
showing 19% positivity in asymptomatic pa- 
tients, 46% in patients with AIDS-related 
complex, and 69% in patients with AIDS.‘ 
Likewise, the CSF of 5 of 9 adults with 
AIDS-related encephalopathy and 5 of 5 chil- 
dren with AIDS had detectable HIV-1 anti- 
gen.” However, none was detected in the 
CSF of 18 asymptomatic HIV-1 antibody- 
positive controls, The specificity is much bet- 
ter than the sensitivity. In testing 
serum of German blood donors, 462 (0.16%) 
of 295 360 samples were repeatedly reactive, 
but none could be neutralized, indicating 
false-positive reactions.” 

While the HIV-1 antigen EIA is not an 
appropriate screening test owing to its poor 
sensitivity, there are several clinical situa~ 
tions in which it may be useful. 


Individuals in High-Risk Groups 
Before Antibody Seroconversion 


It is not known what percentage of individ- 
uals overall will express HIV-1 antigen in 
serum during the interval between exposure 
and seroconversion. One small study found 
that 10 (68%) of 19 patients had detectable 
HIV-1 serum antigen 11 weeks before sero- 
conversion.” However, the sensitivity of 
commercial HIV-1 EIA screening tests for 
HIV-1 antibody has continued to increase, 
and therefore the period between detectable 
antigen when present and the detection of 
HIV-1 antibody is probably shorter now. Hu- 
man immunodeficiency virus type 1 antigen- 
emia has also been temporally linked to acute 
HIV-1 infection before the appearance of 
HIV-1 antibody.’ This test may also be 


~ helpful if positive in an HIV-1 antibody-ne- 


gative pregnant woman in a gh group 
for HIV-1 infection. 


HIV-1 Antibody—Positive 
Asymptomatic Individuals 
for Prognostic Purposes 


As noted above, asymptomatic individuals 
who were serum antigen positive were four 
times more likely to progress to AIDS overa 
36-month period. Such patients could be se- 
lected for clinical trials using drugs. active 
against HIV-1 such as zidovudine QOEMENY 
known as azidothymidine).* 


HiV-1—Infected Patients Receiving 
Antiviral Drug Therapy 


Mean HIV-1 antigen levels have been 
shown to decrease significantly at least over 
the short term in patients treated with zido- 
vudine compared with placebo-treated con- 
trols.°*" Therefore, monitoring of HIV-1 
antigen levels may be useful in measuring the 
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antiviral effect of drug therapy, although it is 
still not clear whether p24 antigen will prove 
to be a reliable surrogate marker of disease 
progression. If monitoring of HIV-1 antigen 
levels is desired, sequential specimens 
should be saved and batch tested using the 
same lot of assay to reduce interassay 
variability, š 


HIV-1 Antibody—Positive Infants 


The HIV-1 antibody may be passively 
transferred in utero from HIV-1-infected 
mothers without apparent HIV-1 transmis- 
sion to the infant in 67% to 76% of cases." A 
positive HIV-1 antigen test on the infant's 
serum may be useful in confirming HIV-1 
infection,”’” although it is not known wheth- 
er noninfectious HIV-1 viral proteins can 
cross the placenta and persist in the infant’s 
circulation. Moreover, passive transfer of 
maternal p24 antibody can bind 924 antigen if 
present and therefore not be detectable in 
the serum of an infected infant. The polymer- 
ase chain reaction assay for detection of 
HIV-1 DNA sequences may be more infor- 
mative in this setting. | 


Differentiating AIDS From Primary 
immunodeficiency Syndromes 
in HIV-1 Antibody—Negative Children 


Since antibody response may be blunted or 
absent in children with congenital immuno- 
deficiency syndromes, the diagnosis of AIDS 
may be missed if only HIV-1 antibody testing 
is performed.” Human immunodeficiency vi- 
rus type 1 antibody~negative children with 
an immunodeficiency syndrome should be 
checked for HIV-1 antigen especially if they 
received a transfusion before antibody test- 
ing or the mother is HIV-1 antibody positive. 


Individuals With Indeterminate 
Supplemental Antibody Tests 


Most healthy individuals in low-risk 
2roups with indeterminate Western blot test 
results are probably not infected,” but a 
negative antigen test may provide some re- 
assurance, especially if the Western blot or 
zadioimmunoprecipitation assay indicates 
zhe absence of antibodies to HIV-1 p24 anti- 
zen.” However, there are no confirmed data 
-0 support this application. If confirmatory 
“esting is needed, HIV-1 cultures or poly- 
merase chain reaction assays are probably 
more applicable in this context. 


HIV-1 CULTURE ASSAYS 


In 1983, HIV-1 was first propagated using 
dhytohemagglutinin and T-cell growth factor 
=n cocultures of lymph-node cells from a ho- 
mosexual man with lymphadenopathy and T 
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Donor (HIV—) 
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Sample for HIV EIA Antigen 
Test or RT Assay 


Fig 2.—Diagram of human immuncdeficiency virus type 1 (HIV-1) culture assay. Plus indicates 
positive; minus, negavive; PMC, peripheral blood mononuclear cell; PHA, phytohemagglutinin; 
IL-2, interleukin 2; FCS, fetal calf serum; RT, reverse transcriptase; EIA, enzyme immunoassay; 


and asterisks, HIV virus. 


lymphocytes from a healthy adult donor and 
from umbilical- cord blood of newborn hu- 
mans.” The process of HIV-1 was detected 
by (1) electron microscopy showing lympho- 
cytes with characteristic immature particles 
with dense (C-type) budding at the plasma 
membrane; and (2) high levels of RT activity 
in the culture supernatant fluid on day 15 of 
coculture. 

Subsequently, Gallo et al” and Popovic et 
al” confirmed these findings and developed a 
cell culture system using clones (H4, H9) ofa 


ii 


neoplastic T-cell line (HT) for the continuous 
production of HIV-1. The presence of HIV-1 
was further confirmed by serologic analy- 
sis" and by indirect immunofluorescence 
using fixed cells of HT-infected clones and 
rabbit antiserum to HIV-1 or patient 
serum.” 

Levy and Shimabukuro” reported the re- 
covery of HIV-1 by RT assay to be about 68% 
(53/78) in patients with AIDS, 41% (7/17) in 
HIV antibody—positive asymptomatic gay 
men, and 0% (0/85) in antibody-negative 
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; . HIV-1 Cultur2 Method* 


Pajient PMCs are sepercted from30 mL of heparinized blood on Ficoll-Paque (Pharmacia, Piscataway, 
HJ) gradient within 2= h of calection. At this poirt, patient PMC can be directly placed n culture 
ar slowly trezen at —190*C ir RPMI!-1640 meditm containing 40% fetal calf serum anc 10% di- 
methy! sulfoxide and cultured later after thawing and washing with equally good recovery. 

1“ 107 PMCs are aléced in 25-2m? tissue culture fask containing total of 15 mL of RPMI -840 me- 


dium, 20% fetal zali sarum, 5% interleukin 2, 5 mg/L of hexadimethrine bromide, 200 U/mL of pem 
ieillin, 200 mg/L of st=ptomycn, and § X 10° PHa-stimulated PMCs from HIV-1 antibody- negative 
blood donor. Conor PMCs are HA stimulated (4 mg/L) for 2-4 d in above medium withour interleu- 


kin 2 before additicn z0 patiert PMCs. 


Cosultures are incubeted af 37°C in 5% CO, atmosphere for up to 28 d. 


Approximately 8 mL o* culture medium above settlec PMCs is removed twice per wk for HIV-1 antigen 
-esting and replaced with equal volume of fresh medium. Additional 3 X 1Cë PHA-stimulazed donor 


aMC are added an-e per wk. 





*HI'!-1 indicates humas inmunodeficiency virus type 1; PMCs, peripheral blood mononuclear sells; and PHA, 


phytohamagglutinin. 


healthy heterosexua_susing cocultures of pa- 
tiant veripheral moncmaclear cells (PMCs) 
and phytohemagglutinr-stimclated human 
PMCs from clinically =ealthy individuals. In 
64% of the positive catures, RU activity was 
deteczed within 9 to 1E ceys fron initiation of 
culture and in an additional 21% after 21 
days. From a diagnostic viewpeint, these re- 
sults were rather discouraging, because the 
sensitivity of cultura is re.atively poor, the 
time z0 positivity is reEttively long, the RT 
assay is tedious, and the cost of reagents and 
lebor is several hund-ei dollars. Moreover, 
magnesium ion—deperdent RT activity is not 
svecific for HIV-1 and nar be produced by 
other retroviruses suchzs kuran T-cell lym- 
photropic virus type 1.* Fertuaately, refine- 
ment3 in HIV-1 cell etcture techniques and 
the development of sexsitive HIV-1 antigen 
deteczion EIAs in tne lest several years have 
dramatically improved the recovery rate of 
HIV-1 and decreased -he time and cost of 
HIV-1 culzure.” In ozr Jaboracory we use a 
rapid. coculture teehrcue ta recover HIV-1 
f-om the olood of i-tec pacients (Table, 
Fig 2: 

Using this cell cultnre metrod and one of 
the commercial HIV-2 antigen BIAs (Abbott 
Laboratories, North Cnricego, Ill) deseribed 
above, we have been able zo dtect the pro- 
cuction of HIV-1 antigen in tre culture su- 
perngtants of cocult:vated PMCs from 57 
(100%) of 57 patients Eh AID3 and 69 (99%) 
cf 70 HIV-1 antibot;—psitive asymptomatic 
gay men.” In terma 3f zime-to-positivity, 
HIV-1 antigen was detectad in 46% of posi- 
tive culture superne-ant fluics by day 3 of 
culture, 94% by dey ID and 100% by day 21. 
Sixty percent of cukcres of patients with 
AIDS were positive by day 3 cf culture com- 
pared with 19% of thas from asymptomatic 
seropositive patients, sugges-ing a greater 
viral load or mare efficiently replicating 
strains in patients wich AIDS.. 

In our laboratory, i appears that HIV-1 
can replicate mare quckly aml consistently 
in mitogen-stimulated donor PMCs than in 
cell lines. However, È = necessary to refeed 
the culture every wees or two with freshly 


stimulated PMCs to 
replication. 

In addition, the HIV-1 antigen EIA has 
the following advantages over the RT assay 
for detection of HIV-1 in culture radioactive 
isotopes and a scintillation counter are not 
required; pelleting of supernatant with an 
ultracentrifuge or polyethylene glyccl is not 
necessary; less sample volume (200 uL vs 1 to 
3 mL) is needed; technical hands-on time is 
less (4 vs 5 hours); 5 to 10 times tne number of 
samples can be tested per rur, the cost of 
HIV-i antigen EIA supplies per patient as- 
Say is approximately one fifth that of the RT 
assay; and the HIV-1 antigen SIA is more 


sustain HIV-1 


sensitive than RT in detecting HIv-1."* 


Moreover, the RT assay is muca more diffi- 
cult to standardize. Consequently, many lab- 
oratories have disccntinued usirg it. 

However, the RT assay has tre theoretical 
advantage of detecting other HIV strains 
(HIV-2) or other retroviruses chat the cur- 
rent HIV-1 antigen. EIAs may miss.” 
There are a number of publisked RT assay 
procedures for those laboratorias interested 
in detecting RT activity in concentrated cul- 
ture supernatant fluid, °°" 

The clinical utility of isolating HIV-1 from 
the PMCs of different patient g-oups is simi- 
lar to that of the serum HIV-1 antigen assay. 
However, culture is more sensizive. In addi- 
tion, several studies have reposted £ strong 
association between clinical status and the 
time-to-positivity in culture.” It is not 
clear whether time-to-positiviy reflects a 
larger viral inoculum size (ie, viral load), or a 
highly replicative and fast-groving isolate or 
both. Time-to-positivity has been shown to 
increase from 7 to 22 days with a 10” dilution 
of stock virus.” suggesting that viral load 
may be responsible, but high-y replicative 
strains are equally plausible. In addition, dif- 
ferent donor cells for cocultivation may have 
different degrees of sensitivi-y to HIV-1. 
Therefore, time-to-positivity may not accu- 
rately reflect tne virulence or viral load in the 
patient. Whether time-to-posit.vity will be a 
reliable predictor of progression to disease 
remains to be seen. 
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Human immunodeficiency virus type 1 cul- 
ture may also be useful in monitoring drug 
therapy. The authors of one study reported a 
decreased ability to isolate HIV-1 from 
mononuclear cells in patients receiving an 
antiviral drug called ampligen.” However, 
others have seen no difference in HIV-1 iso- 
lation rates in patients treated with zidovu- 
dine vs placebo.” The drawbacks to HIV-1 
culture are that it is expensive, may take 
weeks, and creates the potential for expo- 
sure of personnel to high concentrations of 
virus, 

Human immunodeficiency virus type 1 can 
also be cultured from other body fluids in- 
cluding CSF,” serum,” cervical secretions,” 
saliva,”* semen,” plasma,” tears,“ 
breast milk,” and brain tissue.” However, 
the percentage of HIV-1 recovery is less 
from these fluids: 73% in CSF from patients 
with AIDS-related neurologic syndromes,” 
4% in saliva of patients with AIDS,” and 70% 
in the plasma of patients with AIDS.” The 
clinical utility in culturing these fluids is not 
clear, although one study suggests that re- 
covery of HIV-1 from CSF in patients with 
neurologic disorders indicates HIV-1 as the 
probable cause since HIV-1 was not recov- 
ered from CSF of patients with AIDS who 
did not have neurologic problems.” Another 
study suggests that virus isolation from plas- 
mais more reliable than antigen detection for 
the demonstration of HIV-1 in primary infec- 
tion before antibody seroconversion.” 


CONCLUSIONS 


As the AIDS epidemic spreads, the 
demand for HIV-1 testing will continue 
to grow. While HIV-1 antibody testing 
will most likely continue to be the diag- 
nostic assay of choice for detection of 
HIV-1 infection, HIV-1 antigen and cul- 
ture assays may be useful for diagnosis, 
prognosis, and drug evaluation in cer- 
tain patients. 
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Synthetic Peptide Assays to Detect Human 


Immunodeziciency Virus Types 1 and 2 


in Seropositive Individuals 


Richerd 8. Smith, Fh, D. El iot Parks, PhD 


è Detection ci antibod=s to hu- 
man immunodeficiency vias type 1 
by enzyme-linked immunosorbent 
assay is the staridard method to 
screen blood produsts. Wt the de- 
scription of human immuncdeficien- 
cy virus type 2 as a second retrovirus 
involved in the pethogenesis of ac- 
quired immunodeficiency syndrome, 
additional laboratory testing is re- 
quired to screen Dlaod products. 
However, owing to the serological 
cross-reactivity of human immuno- 
deficiency virus typ2s 1 amd 2 at the 


_ molecular level, if is impsassible to 


distinguish human immunrcdeficien- 
cy virus type 2~irfected bhood with 
enzyme-linked imrm.unoscrdbent as- 
says formatted with humaa immuno- 
deficiency virus type 1 virai lysates. 
Synthetic peptides from the con- 
served envelope region of ~he human 
immunodeficiency virus #ansmem- 
brane protein offer a new aporoach to 
develop site-spec fic diagnostic as- 
says that will ident fy and discrimi- 
nate between human immunodefi- 
ciency virus types 1 and 2. 
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he human immunodeficiency virus 

type 1 (HIV-1) was isolated in 
1983. This event facilitated the devel- 
opment of enzyme-linked immunosor- 
bent assays (ELISAs) as the accepted 
method to screen blood products to pre- 
vent infection. These ELISAs were for- 
matted with HIV-1 propagated in con- 
tinuous cell lines with whole-virus 
lysates as antigens.** While the diag- 
nostic efficacy of these assays has been 
established, a small percentage of false- 
positive results require laboratories to 
perform secondary tests such es the 
Western immunoblot to confirm spuri- 
ous ELISA results.” 

Recently, another human pathogenic 
retrovirus, termed HIV-2, has been iso- 
lated from patients with an acquired im- 
munodeficieney syndrome-like syn- 
drome in West Africa.” A-——single 
documented case of acquired immuno- 
deficiency syndrome due to HIV-2 in- 
fection has been reported in the United 
States.° Confirmed HIV-2 eases have 
also been observed in Western Europe. 
The seroepidemio.ogy of HIV infections 
and implications for public health have 
been recently summarized.‘ 

Immunoassays for HIV need to be 
developed that satisfy two main crite- 
ria. (1) A simple test must be estab- 
hshed that will distinguish HIV-1 and 
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HIV-2 in locales where both viruses are 
endemic. Enzyme-linked immunosor- 
bent assays where whole-virus lysates 
are used as the antigen source cannot 
effectively distinguish HIV-1 from 
HIV-2 owing to the cross-reactivity in 
highly conserved regions of the core and 
polymerase proteins of these viruses.* 
(2) Immunoassays must be available to 
laboratories involved in blood screening 
that are highly sensitive and specific. In 
this review article, evidence will be pre- 
sented that synthetic peptides from im- 
munoreactive domains of HIV-1 and 
HIV-2 viral proteins offer an approach 
to design immunoassays that will distin- 
guish HIV-1 from HIV-2. Alternative- 
ly, these peptides can be used in combi- 
nation to develop screening tests that 
ean detect both HIV-1 and HIV-2 in- 
fected persons. 


HIV VIRAL PROTEINS 


Studies with HIV nucleic acid from 
various HIV isolates have revealed ex- 
tensive heterogeneity.” There is ap- 
proximately 60% homology between 
HIV-1 and HIV-2 in the core protein 
(gag) and 42% in the envelope protein 
(env). The env region of HIV-1 con- 
tains two proteins, a 120 000-kd glyco- 
protein (gp120) and a 41 000-kd trans- 
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membrane glycoprotein (gp41). 
Serological studies have revealed sig- 
nificant cross-reactivity between the 
two viruses in the core and polymerase 
proteins.’ This observation precludes 
the use of HIV-1 ELISAs with whole- 
viral lysates as a method of determining 


whether an individual is infected with — 


HIV-1 or HIV-2. However, standard 
ELISAs and Western immunoblotting 
can often detect infection with either 
virus with clinical serum samples, de- 
spite the average of about 50% omol: 
gy between the two viruses. *™™” 


SYNTHETIC PEPTIDE TECHNOLOGY 


A synthetic peptide can be used as an 
immunogen (to generate peptide-specif- 
ic antibodies), as a vaccine, or as an 
antigen (to detect antibody responses in 
clinical serum samples). The solid-phase 
chemistry to produce these unique re- 
agents has recently been reviewed.” 

Viral proteins usually contain multi- 
ple antigenic sites. An antigenic site or 
epitope can either be a linear sequence 
of amino acid residues, or determinants 
that are dependent on the three-dimen- 
sional structure of the protein. The chal- 
lenge for the investigator is to predict 
which epitopes have the highest proba- 
bility of being a B-cell determinant. Cri- 
teria for the selection of candidate epi- 
topes have been reviewed.” Regions 
from viral proteins should be examined 
that are likely to be exposed on the sur- 
face of the protein molecule. Peptide 
sequences should be selected that in- 
clude elevated hydrophilicity,” B turn 
potential,” flexibility, and sequential 
mobility. ™" These variables unique to 
protein: structure’ have been coordin- 
ated into computer programs to predict 
antigenic determinants.” While com- 
puter programs are useful in predicting 
immunodominant epitopes, these pre- 
dictions are not 100% accurate. The al- 
ternative is to synthesize sequential 
overlapping peptides in a region of 
interest. 


IMMUNOREACTIVE EPITOPES 
OF HIV-1 


Several investigators have synthe- 
sized peptides from computer-predicted 
epitopes of HIV with limited success. 
From these studies, one epitope was 
identified at the carboxy! terminus of 
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gp120 env cp41 nef 


Sequence 
620 


Sequence E35 AVERYLKOQQLEGIWGCSGKLICTTAVPWNAS 


589 





Fig 1.—Sequence and genetic location of human immunodeficiency Virus type 1 envelope 
(env) synthetic peptides E32, E34, and E35. These peptides were derimed from a conserved 
sequence of gp41 of human immunodeficiency virus type 1. gag indicetes core protein; pol, 
polymerase; LTR, long-terminal repeat; vif, virion infectivity factor (R); ve; (Ry; rev, regulator of 
expression of virion protein; tat, transactivator; env, envelope; and nef, negative factor. 


HIV-1 gp120 and contains amino acids 
504 to 518.” A second epitope, amino 
acids 735 to 752, has been described 


near the carboxy] end of gp41.” Howev- ` 


er, these HIV-1 env peptides were not 
reactive with a majority of HIV-posi- 
tive serum samples. Parenthetically, 


evidence from recombinant HIV env. 


proteins expressed in Escherichia colt 
suggested that the gp41 env region was 
highly immunoreactive.” 

A well-characterized epitope of HIV- 
1 lies between env amino acids 584 to 618 
near the amino terminus of gp41.7” 
This region is moderately hydrophobic 
and is highly conserved in amino acids. 

A series of related sequences were 
synthesized from the 584 to 620 region 
of HIV-1.* One peptide labeled E8 was 
found to be immunoreactive with hu- 
man serum. The sequence for this pep- 


tide is as follows: I-W-G-C-S-G-K-L-I- . 


C-T-T-A-V-P. Frorn these studies, the 
epitope was further refined to include 
two oligopeptides, labeled E32 and E34. 
Another peptide labeled £35 was also 
synthesized that contained all the amino 
acid residues in the E32 and E34 pep- 
tides. The amino acid sequences for the 
E32, E34, and E85 peptides are shown 
in Fig 1. Subsequent studies indicated 
that the E82 and E34 peptides were 
very immunoreactive with clinical se- 
rum from a longitudinal study of homo- 
sexual men in San Diego, Calif.” 


One of the cardinal features observed 
with the HIV-1 en» synthetic peptide 
ELISA was the skarp dichotomy ob- 
served between an absorbance with 
positive sera compered with the absor- 
bance of negative sera.” This distinction 
between positive ard negative sera has 
been confirmed by other investigators 
with comparable synthetic peptides.” 
Assay results with the HIV env ELISA 
on 490 nonselected Conor specimens and 
493 HIV-seropositire sera are shown in 
Fig 2. In addition, tae HIV env ELISA 
has been shown to cetect the early. rise 
of HIV-1 antibody ir. the seroconversion 
process.” Further refinement of the 
HIV-1 env epitope ~esulted in the data 
given in Table 1 assayed with the E35 
peptide. A total of £029 serum samples 
were entered into tne study. These se- 
rum samples were assayed in the HIV-1 
env ELISA compared with ELISA 
methods A and B, toth licensed HIV-1 
procedures. Assay results with the 
HIV-1 env ELISA “esulted in 4 poten- 
tial false-negative results and a calcul- 
ated sensitivity of £9.8% in the HIV-1 
positive sera. Conversely, assay results 
with ELISA methois A and B on‘simi- 
lar study serum samples resulted in 7 
and 5 potential false-negative results, 
respectively, with £ 99.6% and 99.7% 
sensitivity for these two methods.” 
When 228 normal conor sera were as- 
sayed in the HIV-1 env peptide assay, a 
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Fig 2.—Human immunode‘iciency virus type 1 envelope (env) peptide data from a scrsen of 
480 negat ve and 493 positve serum samples. The horizontal axis represents the absorpance 
at 49C nm. The heightof the bar represents the number of samples at a given absorbance. The 
klack bars indicate hutan immunodeficiency virus type 1 env pepfide—positive samples; open 
kars, 1egative samples; and ELISA, enzyme-linked immunosorbent assay. 


mear. absorbance of 0.022 was ob- 
served. The cutoff for the peptide was 
estatlished to be 0.150 fox clinical stud- 
ies 07 6 SDs frorn the mean, The 228 
dono? sera were assayed by HIV-1 
ELISA procedures A ard B. The speci- 
feity for the peptide assay and ELISA 
method A was determined to be 100%. 
The specificity fox ELISA method B 
was [8.4%, l 


HIV-2 eav ELISA 


The immunological eross-reactivity 
cbse-ved by the core Jag proteins of 
HIV-1 and HIV-# and zhe weak cross- 
reactivity observed in tne env region of 
the t-vo retroviruses allowed for the ser- 
clogizal distinction between the two vi- 
ruses.” Results from Western blot anal- 
ysis of serum rzaetive for HIV-1 and 
HIV-2 indicated that there was a major 
epitape associated with the transmem- 
bran2 glycoprotein and that this epitope 


could be used to discriminate HIV-1 and 
HIV-2 serum samples at the mo ecular 
level.” Synthetic peptides from the env 
region of HIV-2 and simian imm_inode- 
ficiency virus (SIV) have been synthe- 
sized and found to be very immuroreac- 
tive 

The sequences of these HIV2 syn- 
thetic peptides used in these studies are 
shown in Fig 3. The HIV-1 sequence 
E35 is described in Fig 1. The HIV- 
Z/SIV sequenzes are shown in Fig 3, 
with the diverzent HIV-2 and SIV ami- 
no acids from zhe HIV-1 sequence itali- 
cized. An ELISA was established with 
synthetic peptides from the SIV env re- 
gion and used to screen HIV antibody- 
-positive serum and normal serum from 
North America and Africa. Representa- 
tive specificity data with the HIV-2 
ELISA are given in Table 2, with assay 
results from normal serum semples 
from North American-Europeen and 
African populations. Cutoff criteria for 


256 = Arch Pathol Leb Med—Vol 114, March 1990 


Table 1.—Sensitivity of HIV-1 
Envelope Peptide ELISA Compared 
With Licensed HIV-1 ELISA Methods * 


HIV-1 
Envelope ELISA ELISA © 
ELISA Method A . Method B 
(n=3029) (n=3029) (n=3029) 
No. reported 
negative 1335 ' 1286 1312 
No. reported 
positive 1700 1729 t717 
Potential 
false 
positives ; 7 
Sensitivity, 
% 99.6 
*HIV-1 indicates human immunodeficiency virus 
type 1; ELISA, enzyme-linked immunosorbent assay. 





the HIV-2 env ELISA were established 
as previously described.” 

An absorbance greater than 0.2 was 
considered to be positive. A total of 1742 
serum samples were assayed in the 
HIV-2 ELISA. Sixteen North Ameri- 
can and European serum samples and 10 
African serum samples were scored 
positive in the HIV-2 ELISA. The per- 
cent nonreactive was 97.9% for the 
North American—European normal 
group and 99.0% for the African normal 
group. 

| Data on the sensitivity of the HIV-1 
env and HIV-2 env ELISAs when Afri- 
can serum samples were assayed are 
given in Table 8. These serum samples 
had been characterized by immunoas- 
say with HIV-1 and HIV-2 ELISA pro- 
cedures. A total of 248 specimens were 
assayed positive in the HIV-1 env 
ELISA and 251 specimens in the HIV-2 
env ELISA. This is additional serologi- 
cal evidence that these two retroviruses 
are endemic in the African population 
and can be distinguished by the HIV-1 
and HIV-2 env peptide ELISAs. The 
results in Table 4 suggest that there 
may be some cross-reactivity between 
the two HIV env ELISAs, or alterna- 
tively, the possibility exists of a dual 
infection in the African serum samples. 
When 759 serum samples were assayed 
in both ELISA procedures, 55 speci- 
mens were reactive in both protocols. 
This apparent cross-reactivity could be 
due to an expanded recognition of the 
HIV env epitope. The amino acids locat- 
ed at the N-terminal side (residues 587 
to 595 of HIV-1) are highly conserved 
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HIV-1 AVERYLKDQQLLGIWGCSGKLICTTAVPWNAS 


HIV-2 ArEKYLQDQARLNSWGCAFRQVCHTTVPWVNODS 


SIV noc AlLTEKYLEDQAQLNAWGCAFRQVCHTTVPWPNAS 





Fig 3.—Conserved amino acid sequences of the envelope transmembrane glycoprotein of 


human immunodeficiency virus types 1 and 2 (HIV-1 and HIV-2), and simian immunodeficiency 
virus (SIV), used in the synthetic peptide enzyme-linked immunosorbent assays. The 
italicized residues are divergent residues from the HIV-1 sequence observed in HIV-2 and 


SIV ac 


Table 2.— Specificity of HIV-2 
Envelope Peptide Assay on Normal 
Serum Samples * 


North 
American 
and 
European African Total 
(n=756) (n=986) (n= 1742) 
No. scored 
negative 740 
No. of false 
positives 16 
Nonreactive, 
% 97.9 99.0 
*HIV-2 indicates human immunodeficiency virus 
type 2. 


Table 3.—HIV-1 and HIV-2 Synthetic 
Peptide Assays on African Serum 
Sampies* 


HIV-1 HIV-2 
Assay Assay 
{n = 933} {n = 1390) 


No. negative 690 
No. positive for HiV-1 243 
No. positive for HIV-2 


*HIV-1 and HIV-2 indicate human immunodefi- 
ciency virus types 1 and 2. 





between HIV-1 and HIV-2. This con- 
servation could explain the cross-reac- 
tivity that we and others have ob- 
served.” 

These results indicate that with site- 
specific synthetic peptides from the env 
region of HIV-1 and HIV-2, ELISA can 
be used to discriminate acquired immu- 
nodeficiency syndrome due to HIV-1 
and HIV-2. The small percentage of 
cross-reactive samples observed in 
these two tests can be resclved with 
further refinement of the HIV-2 syn- 


thetic peptide. 
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Table 4.—HIV-1 and HIV-2 Synthetic 
Peptide Assays in African Serum 
Samples Assayed in Both Protocols * 


HIV-4  HIV-2 Both 
Assay Assay Assays 
(n = 759) (n = 759) (n = 759) 


No. negative 538 


No. positive 
for HIV-1 221 


No. positive 
for HIV-2 


No. positive 
in both 
protocols 


*HIV-1 and HIV-2 indicate human immunodefi- 
ciency virus types 1 and 2. 


CONCLUSION 


Studies with synthetic peptides from 
the env region of the HIV transmem- 
brane region have identified an immun- 
odominant epitope that is reactive with 
serum samples from virtually all HIV- 
infected individuals. The advantages of 
synthetic peptide include the use of a 
chemically defined reagent (epitope) in 
ELISAs. These chemically synthesized 
epitopes contain few if any contami- 
nants. This is in contrast to viral lysates 
or biological contaminants associated 
with recombinant protein from expres- 
sion vectors. The HIV env peptides rep- 
resent a single epitope that elicits an 
antibody response in nearly all infected 
individuals. Therefore, sensitivity of 
these ELISAs is comparable with li- 
censed HIV procedures with viral ly- 
sates as antigens. Conversely, false- 
positive results have been reported 
with conventional ELISAs for HIV. 
The HIV env ELISA has the advantage 
of enhanced specificity owing to the na- 
ture of the chemically defined epitope, 
and the relative concentration of the 
epitope on the solid phase can be manip- 
ulated. Finally, there are no safety 
problems inherent in large-scale pro- 


duction of peptides, as there can be with 
viral lysates for HIV. 

- The use of a single-epitope assay has 
allowed for the simultaneous detection 
of antibody to HIV and the detection of 
surface antigen of hepatitis B.” This as- 
say in a one-microwell format can re- 
duce workload in a blood bank environ- 
ment and cannot be performed with 
assays formatted with viral lysates or 
recombinant proteins. 

The exquisite specificity of the HIV 
env peptides described in this review 
will allow progress to characterize as- 
says that will distinguish patients with 
HIV-1 and HIV-2 infections. An addi- 
tional advantage of synthetic peptides 
will be the latitude to develop other as- 
say formats to simplify and expand HIV 
testing in endemic areas. 
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Detection of Human Immunodeficiency 


John J. Sninsky, PhD, Shirley Kwok 


e The human immunodeficiency 
viruses types 1 and 2 have been impli- 
cated as the etiologic agent of the 
acquired immunodeficiency syn- 
drome and its related disorders. The 
direct detection of human immuno- 
deficiency virus is complicated by 
the low incidence of free circulating 
virus as well as the small number of 
infected cells. An in vitro DNA amplifi- 
cation procedure known as the poly- 
merase chain reaction has been ap- 
plied to the detection of the human 
immunodeficiency virus proviral se- 
quences in infected individuals. This 
article highlights the features of the 
polymerase chain reaction and its 
contribution to the detection of these 
viruses. 

(Arch Pathol Lab Med. 1990;114: 
259-262) 


wo human retroviruses of the Len- 

tivirinae subfamily have been asso- 
ciated with acquired immunodeficiency 
syndrome. The viruses, human immu- 
nodeficiency viruses (HIV>} types 1" 
and 2°" share approximately 60% overall 
nucleic acid sequence homology for the 
more conserved gag and pol genes and 
from 30% to 40% for the other viral 
genes and long terminal repeat.’ Human 
immunodeficiency virus 1 is the recog- 
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nized agent of acquired immunodefi- 
ciency syndrome in the United States, 
Europe, and Central Africa, while HIV- 
2 is prevalent primarily in West Africa. 
The preliminary suggestion that HIV-2 
is less pathogenic’ merits further study. 

The HIV life cyele® begins by attach- 
ment of virus particles to cells via CD4 
receptors present most notably on 
mononuclear cells of T4 and macro- 
phage lineages. On entry into the cell, 
the virus uncoats, and a DNA copy of 
the RNA genome (provirus) is synthe- 
sized by the viral encoded reverse tran- 
scriptase. The DNA can either circular- 
ize and integrate into the host genome 
or remain unintegrated in the cyto- 
plasm. Human immunodeficiency virus 
replication is restricted at this stage un- 
til the infected cell is activated. The in 
vivo activation of HIV replication is not 
clearly understood, but in vitro activa- 
tion can be accomplished by various 


agents, including interleukin 2’ 5-iodo- ` 


2, deoxyuridine,’ hydrocortisones and 
other hormones,’ and tumor necrosis 
factor.” Spliced messenger RNAs en- 
code multiple proteins involved in 
translational and transcriptional regu- 
lation of various stages of the viral life 
cycle; unspliced messenger RNAs en- 
code the structural proteins of the virus. 
Posttranslational processing of viral 
structural polyproteins and assembly 
with genomic RNA at the cell surface 
results in the budding of mature virions. 

The detection of antibodies to the vi- 


Viruses by the Polymerase Chain Reaction 


ral proteins has played a significant role 
in the identificatior of individuals who 
are infected with these viruses. Howev- 
er, in many situatioms a direct detection 
of the virus would be desirable. Direct 
detection of HIV hss proved refractory 
because of the small number of cells har- 
boring HIV, the small number of provi- 
ral copies per infected cell, and the tran- 
scriptional dormamcy of the viral 
genome. 

Several procedur2s have been devel- 
oped for detection of HIV. Of these, 
virus culturing has been the standard. 
However, even wita cocultivation the 
successful isolation of virus from sero- 
positive individuals and those with do- 
cumented infection varies widely.” 
Moreover, the procedures are labor in- 
tensive, time-consuming, and costly. 
The use of in situ hybridization to direct- 
ly detect viral nucleic acid in transcrip- 
tionally active cells“ and Southern blot 
analysis of HIV DA” extracted from 
lymphocytes has only been successful 
from a fraction of infected individuals. 
On the other hand, DNA isolation from 
lymph node and bran” has led to a high- 
er, but still inadequate, proportion of 
individuals positive for HIV sequences 
by these procedures. The identification 
of viral p24 nucleczapsid antigens by 
specific polyclonal or monoclonal anti- 
bodies also suffers from the lack of sen- 
sitivity.“ The sequestering of viral anti- 
gen in circulating _mmune complexes 
compromises this approach. Further- 
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more, antigens may nct b2 detected 
during the latent stage when virus has 
established infection, but is rot actively 
replicating. 

An in vitro DNA amplificacion proce- 
dure, termed the nc lymerasz chain re- 
action (PCR), *” (Fig 1) kas been suc- 
cessfully applied tc the sersitive and 
specific detection of HIV proviral DNA. 
The use of a thermostable polymerase 
has further enhanced the application of 
PCR.” The procedure uses two synthet- 
ic oligonucleotides (primers) that are 
ecmp-_ementary to s2quences that flank 
a region of interest; the upstream prim- 
er is complementary to th2 negative 
strand DNA and the downstream prim- 
er is complemertary to tke positive 
strand. Each cycle of PCR consists of a 
three-step process: Jenaturstion of the 
DNA duplex, annealing of the primers, 
and extension of tne primers with a 
polymerase in the preser.ce cf deoxynu- 
cleoside triphosphetes. Th2ocretically, 
esch cycle of PCR results ina doubling 
of the targeted sequence s> that, for 
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PCR, Third Cycle 


PGR, Fourth Cycle 


Fig 1.—Schematic of polymerase chain reac- 
tion (PCR) amplification. 


4 Copies 


example, after 20 cycles of amplification 
a million copies of the DNA fragment 
are generated from a single copr. The 
procedure has <lso been applied ta RNA 
by first transcribing the RNA tc com- 
plementary DNA with reverse tran- 
scriptase and then amplifying the com- 
plementary DNA by the standard 
procedure. 

The amplification of proviral DNA 
enables detection of not only celts ac- 
tively replicating virus, but also those 
that harbor cuwiescent provirus. Al- 
though active EIV transcription can po- 
tentially generate a large number of 
transcripts, the limited number of stud- 
ies exploiting RNA as a template™” to 
date, suggest that more sensitive detec- 
tion can be obtained if DNA is used 
directly as a template for PCR.” a pro- 
ductive area or research is the use of 
PCR to monitor and compare the mes- 
senger RNAs from the structural and 
regulatory genes. 

Sequence variation will affect tre sta- 
bility of the primer-template cuplex 


and, consequently, extension by the 
polymerase. Given the extensive het- 
erogeneity of the viral genome,” it 
was necessary to amplify only highly 
conserved regions so as to provide de- 
tection of all viral variants both within 
and between infected individuals. The 
availability of nucleic acid alignments of 
all sequenced HIV isolates (Human Re- 
troviruses and AIDS, Los Alamos [NM] 
National Laboratory, 1989) expedited 
the identification of conserved regions. 
The commonly used primer-probe 
systems and reaction conditions for 
HIV amplification and detection have 
been described.”” It is important to 
note that the reaction parameters must 
be optimized for each primer-pair 
system. The concentration of magne- 
sium chloride, deoxynucleoside triphos- 
phates, Taq DNA polymerase, and tem- 
perature-cycling profiles can all affect 
the specificity and, consequently, the 
efficiency of the amplifications. For 
HIV, we have designed primers that 
are specific for either HIV-1 or -2 as well 
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Fig 2.—Dot blot analysis of DNA extracted 
from individuals infected with human immu- 
nodeficiency virus (HIV) 1 or 2 that were am- 
plified either with primers that are specific for 
both HIV-1 and -2 or with primers that are 
specific for each virus. 


as primers that detect both viruses (Fig 
2). For specific amplification of either 
HIV-1 or -2, regions with the least ho- 
mology between the two viruses were 
targeted. On the other hand, only re- 
gions conserved between the two virus- 
es were selected for simultaneous 
amplification. 

Although the presence of large num- 
bers (ie, 10 000) of HIV molecules in the 
original sample will result in amplifica- 
tion products that can be visualized on 
agarose gels following ethidium bro- 
mide staining, often the numbers of 
copies of HIV proviral DNA in a sample 
are small and may be as few as one copy 
in 10 000 cells.“ The presence of small 
numbers of HIV molecules in a back- 
ground of highly complex genomic DNA 
often results in the amplification of non- 
specific products. Because the nonspe- 
cific products may be of the same length 
as the expected fragment, confirmation 
of the correct product is necessary and 
can be achieved through the use of a 
labeled probe that is complementary 
and between the primers of one strand 
of the amplified product. In addition to 
providing an extra level of specificity, 
the use of phosphorus 82-labeled probes 
provides the sensitivity often required 
for detection of products of low-copy 
number samples. When PCR is coupled 
with a detection method known as oligo- 
mer hybridization,” as few as 18 mole- 
cules of HIV in a background of 150 000 
peripheral blood mononuclear cells or 
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1 ug of DNA can be detected.” Al- 
though purified DNAs were initially 
used, crude DNAs prepared by lysis of 
whole cells with proteinase K and non- 
ionic detergents are now being used (Hi- 
guchi R., unpublished data, 1988, and 
reference 26). The use of Ficoll-Hypa- 
que fractionated cells provides for the 
detection of HIV in not only CD4* cells, 
but in all mononuclear cells. 

When PCR is used for detection of 
low copy targets such as HIV, extreme 
care must be taken to avoid cross-con- 
tamination of samples or carry over of 
amplified products that can lead to false- 
positive results. Guidelines for avoiding 
false-positive results with PCR have 
been described.*” These guidelines in- 
clude the using of positive displacement 
pipettes, the preparing and aliquot par- 
titioning of reagents in an area that is 
free of PCR-amplified products, the 


sterilizing of reagents, and the frequent - 


changing of gloves. Careful choice of 
positive and negative controls is impor- 
tant. Specifically, several “no DNA” re- 
agent controls and negative sample con- 
trols should be included with each set of 
amplifications, The positive control 
should have a small number of target 
molecules so as to avoid the unnecessary 
generation of a large number of ampli- 
fied targets. In addition, asmall number 
of target molecules will also enable a 
better assessment of the efficiency of an 
amplification. A strict adherence to 
these guidelines has resulted in a dra- 
matic reduction in the frequency and 
amount of carry over. 
Polymerase chain reaction has been 
used for the direct detection of HIV-1 
proviral DNA sequences in peripheral 
blood mononuclear cells of infected indi- 
viduals, and has demonstrated clinical 
utility in several areas of diagnostics. 
For example, because of the window 
between infection and seroconversion, 
antibodies may not be detected in an 
infected individual. Although this 
seronegative window is typically 6 
weeks to 6 months, protracted periods 
without production of antibodies have 
been described.” The PCR procedure 
detected the presence of HIV in high- 
risk individuals at least 6 months prior 
to seroconversion. A small number of 
individuals, initially identified as cul- 
ture positive, demonstrated signs of in- 
fection by PCR for as long as 24 to 39 


months prior to seroconversion. The ob- 
servations noted here merit replication 
and further analysis.* 

In seropositive ind-viduals, PCR has 
been used to confirm the presence of 
HIV infection in individuals who were 
virus culture and/or antigen”” nega- 
tive. This procedure .s currently being 
used in reference laboratories where 
HIV-1 proviral sequences have been de- 
tected in greater than 97% of the anti- 
body positive individuals (Pathology In- 
stitute, Berkeley, Celif, and Specialty 
Laboratories, Santa Monica, Calif, un- 
published data, 1989). 

The procedure has begun to contrib- 
ute to the resolution cf the infection sta- 
tus of individuals with indeterminate 
serologic findings. Ir. a small study of 
100 low-risk volunteer blood donors 
with Western blot indeterminate pat- 
terns, Jackson et al”? found that no one 
harbored HIV proviral sequences. 

Polymerase chain ~eaction has been 
successfully used as £ prognostic mark- 
er for infected infants born to seroposi- 
tive mothers.** The persistence of ma- 
ternal antibodies in kabies for up to 18 
months makes diagnosis by serologic as- 
says difficult. When PCR is used to 
screen babies, those who were positive 
by PCR were either clinically ill or later 
showed signs of infection. Infants nega- 
tive by PCR were iater found to be 
seronegative and have remained clini- 
eally healthy. While the number of 
infants studied is small, the data thus 
far suggest that PCR can play an impor- 
tant role in the early identification of 
infected infants. 

Polymerase chain 7eaction was used 
to confirm the first case of HIV-2 in a 
West African undergoing treatment in 
the United States.” In addition, the pro- 
cedure was used to confirm the first 
documented case of a West African who 
was coinfected with HIV-1 and -2.* Sim- 
ilarly, individuals wko were coinfected 
with HIV and humar: T-cell lymphotro- 
pic virus I were identzfied by PCR.*” 

Polymerase chain reaction has 
proved to be a valuazle tool in several 
areas of research. First, the procedure 
has been used to study genetic variabili- 
ty in HIV-1 isolates.” Conventional 
means of restriction fragment polymor- 
phism, although informative, provides 
only a limited assessment of heteroge- 
neity. With PCR, the population of vi- 
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rus3s, both in vivo and in-vitro, can be 
analyzed. The secuences chtained from 
suca studies shouid ref.ect more accu- 
rately the virus sequencas present in an 
individual, as it dces not require cultiva- 
tior: that may result in strain selection. 
Second, the dermonstratim that DNA 
extracted frorn formalin-fized, paraffin- 
embedded tissue zan serve as a tem- 
plate for PCR" siggests zhat archival 
material can be used to further elucidate 
the epidemiolozy of the ~irus. Third, 
exp2riments on the quantitation of PCR 
product suggest that th2 procedure 
could be used for the monitoring of viral 
loacé in patients receiving therapeutic 
agents.” 

Ir, summary, PCR has flayed an im- 
portant role in <1) detecting of HIV se- 
que-ices in early infection (5) identifying 
HIV sequences in seropos.tive individ- 
uals whose cellz were culture negative 
for HIV after cocultivetion and/or 
whose serum samples were negative for 
vira. antigens, (2) prognos-ic screening 
of babies born to seroposit.ve mothers, 
‘4) resolving the irtection Satus of indi- 
viduals with indeterminste Western 
blot patterns, and (5) the typing of the 
huntan retroviruses presan. The devel- 
opment of more rapid and inexpensive 
colorimetric assavs will make the test 
mor amenable for large-scale sereen- 
“ng. In addition, PCR is expected to 
contribute to the diagnosis and one of 
other retroviruses.” * 

We: thank B. Poiesz, G. Schcch-tman, B. Jack- 
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for graphics; and D. Jackson and G L. Silas-Sams 
for tha manuscript preparation. 
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è Ensuring high quality in human 
immunodeficiency virus type 1 (HIV-1) 
antibody testing is an essential com- 
ponent of the organized public health 
response to epidemic HIV-1 infection. 
in 1986, the Centers for Disease Con- 
trol designed the Model Performance 
Evaluation Program to assess and im- 
prove the analytic quality of HIV-1 an- 
tibody testing. In addition, the pro- 
gram was designed to gather infor- 
mation about HIV-1 antibody testing 
practices. The utility of this informa- 
tion is in identifying potential barriers 


to quality throughout the total testing. 


process. Currently, 1405 laboratories 
participate in the program. Participat- 


he Centers for Disease Control’s 

(CDC’s) Public Health Practice 
Program Office (PHPPO), formerly 
known as the Training and Laboratory 
Program Office, has a long history of 
promoting quality in laboratory test- 
ing. Between 1969 and 1986, PHPPO 
conducted a comprehensive profi- 
ciency testing program and inspected 
interstate laboratories under the pro- 
visions of the Clinical Laboratory 
Improvement Act of 1967. Although 
PHPPO’s proficiency testing activities 
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ing laboratories are located both 
within and outside the United States 
and consist primarily of hospitals, 
blood banks, health departments, 
and independent laboratories. The 
responses to a questionnaire com- 
pleted by 1050 program-participant 
laboratories in September 1988 sug- 
gest that at several stages in the HIV- 
1 antibody total testing process, lab- 
oratory practices (including the inter- 
pretation of Western biot patterns) 
are variable and that standardization 
of these practices would improve 
quality. 

(Arch Pathol Lab Med. 
114:263-267) 


1990; 


have since been assumed by a variety 
of professional and commercial orga- 
nizations, such as the College of Amer- 
ican Pathologists and the American 
Association of Bioanalysts, PHPPO 
remains vitally interested in the role 
that laboratory quality plays in ensur- 
ing health outcomes of high quality. 
The philosophy of PHPPO’s approach 
to laboratory quality assurance is 
exemplified by our activities in human 
immunodeficiency virus type 1 (HIV-1) 
antibody testing performance evalua- 
tion. 

A proficiency testing program for 
laboratories performing HIV-1 anti- 
body testing was instituted by the CDC 
in 1985, shortly after the first enzyme 
immunoassay for detecting HIV-1 an- 
tibody was commercially licensed. 
The first survey contained 10 samples 
(five pairs of duplicates), although sub- 


sequent surveys were reduced to 6 
samples (usually three duplicate 
pairs). Samples were presented as 
duplicates so that within- and be- 
tween-survey reprocucibility could be 
measured. This program was designed 
so that laboratories performing HIV 
antibody testing could measure their 
analytic performanze “under actual 
testing conditions.” Because the sam- 
ples were purposely created to mea- 
sure technical comodetence, they in- 
cluded a higher perc2ntage of samples 
with intermediate end low reactivity 
than might be encountered in the usual 
clinical situation. © 

Interest in this program was great, 
and by 1986 the number of participat- 
ing laboratories hadincreased from 50 
to 475.) But in 198°, PHPPO imple- 
mented substantiel programmatic 
changes in its approach to HIV-1 pro- 
ficiency testing. In eddition to ensur- 
ing the analytic qua ity of testing, the 
Model Performance Evaluation Pro- 
gram (MPEP) was cesigned to gather 
information about tke preanalytic and 
postanalytic stages in the HIV-1 anti- 
body testing process through the use of 
a survey and a prospective study of 
HIV-1 reporting prectices. The latter 
is being conducted tarough a coopera- 
tive agreement with San Diego (Calif) 
State University, Graduate School of 
Public Health. 

Concern about the influence of pre- 
analytic and postaralytic actions or 
events on testing quality grew out of 
the 1986 Institute on Critical Issues in 
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Hea.th Laboratory Practice.? One of 
the -ecurrent messages o7 that gath- 
erin3z, long known to many -aboratori- 
ans, was the caveat that testing qual- 
ity 5 a global concept, ercompassing 
every step from. preparing <he patient 
and collecting zhe specimen, through 
testing itself, to -eportinz the result 
and making the subsequent clinical 
decision, which is based or che test re- 
sult. 


JESCRIPTION OF THE MPEP 


Enrollment in she MPEP is volun- 
tary and free cf charge, aad partici- 
pants are ident:fed through letters to 
labo-atories, mznifacturers, and pro- 
fessional organizations as well as by 
worc of mouth. All participants per- 
form: HIV-1 antikody testing, though 


the number and types of =IV-1 anti- | 


body tests they offer vary. Currently, 
1405 laboratoris are enro-led in the 
MPEP. Most are located ir zhe United 
States, although lsborazori2s in three 
US territories and 82 other countries 
also participate in this prcgram. Each 
of the 50 states has laboratories en- 
rolled in the MPEP, with Talifornia, 
Texes, Illinois, Florida, Pacnsylvania, 
and New York accounting r approx- 
imately 41% of all US participants. 
Tc evaluate the analytic quality of 
testing and to assist laberatories in 
self-improvement we mal panels of 
samples for HIY-1 antibocy testing to 
MPEP participants. The participants 
are esked to treat these saxcples in the 
same manner they would patient spec- 
timers. The first three panels each con- 
tained 22 samples (11 pats of blind 
replicates), whizh ranged “rom nonre- 
active through. weakly r2active to 
strongly reactive. To date, 2ach survey 
panel has contained bcta Single-donor 
and pooled-donor samples. The sam- 
ples, collected end prepar21 for CDC 
by an outside ecntractor, are obtained 
fron: blood ecollerzian centers. To locate 
weakly reactive samples from early 
HIV-1 seroconverzers, CDU-s contrac- 
tor % currently attemptirg to locate 
anorymous donors throug’ clinics for 
the treatment of sexually -ransmitted 
disesses. Before they are used in the 
panel, all samples are tested at CDC 
and by the conzréctor. The sample is 
valicated by 36 reference laboratories, 
which also participate in the actual 
program. Within each shipment, panel 


Table 1.—Comparison cf US/US Territorial and Non-US Laboratories 
Enrolled in the Model Performance Evaluation Program, 
by Purpose of HIV-1 Antibody Testing” 


Purpose for Testing 


No. (%) of Laboratories 
I, 
US/US Territorial Non-US 

(n = 995) (n = 55) 


Diagnostic testing 765 (77) 44 (80) 
Screening of blood for transfusion 384 (39) 19 (34) 


Anonymous screening 


190 (19) 13 (24) 


Basic research 99 (10) 15 (27) 


Clinical testing for anti-HIV drug trials 





48 (5) 5 (9) 


*HIV-1 indicates human immunodeficiercy virus type 1. Testing purpose categories are not mutually exclu- 


sive. 


configuration varies, and not al labo- 


- ratories receive the same samrles. 


Participants report their results by 
mail to the CDC ona specially designed 
form and subsequently receive three 
reports from the MPEP. The first re- 
port includes the results of the refer- 
ence laboratories, grouped ky test 
method and kit. The second is a sum- 
mary tabulation of all participants, 
and the third is an analysis in which 
results are grouped for each eva_uation 
sample, by test kit manufacturer, test 
method, and Western blot (WE) band 
pattern interpretation. All partici- 
pants are identified -by a unique, confi- 
dential code number, which is sed to 
report their results to the CDC. 

The process of testing the panels 
provides both the participant end the 
CDC with useful information. How- 
ever, this information largely reflects 
the analytic testing aspects of HIV-1 
antibody determination. To learn more 
about the other variables asseciated 
with HIV-1 testing quality, the MPEP 
performs a separate biannual survey 
of participants. The remainder of this 
-article reports the results of tke Sep- 
tember 1988 participant survey. 


~ DESCRIPTION OF PARTICIPANTS 


In the MPEP, 1381 participants were 
surveyed and 1050 responded—995 f-om the 
United States or one of its territories and 55 
from other countries. United Stazes and 
territorial respondents have been further 
subclassified into one of four self-id2ntified 
laboratory categories: hospital (399 of US 
and territorial respondents); health Jepart- 
ment (8%); blood bank (13%); or ‘other” 
(39%). The other category includes inde- 
pendent laboratcries (52%); employee 
health clinics (1%); clinics for the treat- 
ment of sexually transmitted ciseases 
(2%); drug screening laboratories (2%); 
physician-office laboratories (1% ); HIV test 
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manufacturers (4% ); and laboratories that 
classified themselves in multiple categories 
(36% ). 

Table 1 summarizes the self-reported 
purposes for HIV-1 antibody testing, com-- 
paring US and territorial participants with 
those from other countries. Not surpris- 
ingly, diagnostic testing and screening of 
blood before transfusion were the two most 
frequently cited reasons among all partici- 
pants. 


SURVEY RESULTS 


When laboratories were asked.to es- 
timate the number of specimens they 
had tested for HIV-1 antibody since 
testing began, blood bank laboratories 
reported the highest volume, with 
nearly 60% responding that they had 
tested between 100000 and 1 million 
specimens. Health department labora- 
tories were next in frequency, with 
56% reporting a cumulative volume ~ 
between 5000 and 50 000. Forty percent 
of laboratories falling into the “other” 
category reported testing between 
1000 and 10000 specimens, and 62% of 
hospital laboratories had tested be- 
tween 100 and 5000 specimens. 

Table 2 gives the source of “outside” 
specimens (ie, those not collected 
within the institution providing care) 
for each of the US and territorial lab- 
oratories surveyed. The categories of 
specimen source are not mutually ex- 
clusive and demonstrate that, regard- 
less of site, a majority of laboratories 
performing HIV-1 testing receive 
specimens from a variety of clinical — 
settings. This implies that spécimens 
are from heterogeneous populations or 
groups; some of those tested are prob- 
ably at great risk for HIV-1 infection, 
while others are at much lower risk of 
being infected. The large number of 
outside sources for specimens also im- 
plies that many laboratories may have 
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Table 2.—Source of ‘Qutside’ Specimens to. Be Tested for HIV-1 Antibody * 


Type of Laboratory 
pe a AA a a aia G 
Hospital Health Department Blood Bank Other 
Source of Specimens (n = 391) (n = 84) (n = 128) (n = 392) 
Hospital | 182 (46) 59 (70) 93 (73) 240 (61) 
Family planning center | 36 (9) 52 (62) 12 (9) 82 (21) 


Other 112 (29) 39 (46) 53 (41) 125 (32) 


* HIV-1 indicates human immunadeficiency virus type 1. Values are number (percent). Sources of specimens 
may not be mutually exclusive. All laboratories are United States and territorial. 





Table 3.—Laboratory Personnel Training Requirements Before Performing 
HIV-1 Antibody Testing” 


| Type of Laboratory 
FOLEY TT, 

l 

ospital Health Department Blood Bank Other 


Type of Training (n = 391) (n = 84) (n = 128) (n = 392) 


in-house 390 (99) 79 (94) 128 (100) 385 (98) 


State Health Department i851) 23 (27) o (0) 9 (2) 
CDC workshop : 7 (2) 9 (11) o (0) 6 (1) 


Manufacturer’s workshop 101 (26) 30 (36) 25 (19) 123 (31) 
Reading kit instructions 213 (54) 44 (52) 81 (63) 216 (55) 


Other ‘17 (4) 7 (8) 17 (13) 18 (5) 
None 0 (0) 0 (0) O (0) 2 (<1) 
*HIV-1 indicates human immunodeficiency virus type 1; CDC, Centers for Disease Control. Values are num- 


ber (percent). Training categories are not mutually exclusive. All laboratories are in the United States and US 
territories. 


| 
Table 4.—Sequence of HIV-1 Antibody Tests Performed In-house* 


| Type of Laboratory 
CNN NON a a aaa A ett 
Hospital Heaith Department Blood Bank 
Testing Algorithm (n = 68) (n = 61) (n = 20) 
SDW 25 (37) 17 (28) 12 (60) 37 (35) 

5 (7) o (0) o (0) 4 (4) 

3 (4) 8 (13) o (0) 2 (2) 
10 (9) 








8 (12) 4 (6) o (0) 
3 (4) 1 (2) o (0) 4 (4) 


3 (4) 7 (11) 2 (10) 4 (4) 
ssl 0 (0) 3 (5) o (0) 1 (<1) 
SW 3 (4) o (0) o (0) 2 (2) 
Other 18 (26) 21 (34) 6 (30) 41 (39) 

* includes only those US and US territorial laboratories performing confirmatory tests on-site. HIV- t indicates 
human immunodeficiency virus typei1; SOW, single enzyme immunoassay (EIA) followed by duplicate EIA fol- 
lowed by Western biot (WB); DDW, duplicate EIA followed by duplicate EIA followed by WB; SDI, single EIA fol- 
lowed by duplicate EIA followed by indirect immunofluorescence (IF); SSW, single EIA followed by single EIA 
followed by WB; DW, duplicate EIA followed by WB; SDWI, single EIA followed by duplicate EIA followed by WB 
followed by IF; SSI, single EIA followed by single EIA followed by liF; SW, single EIA followed by WB; and other, 
algorithms not described. Values are number (percent). 





little or no direct control! over speci- 
men labeling, collection, and transpor- 
tation procedures. 
Participants’ responses to a ques- 
tion about the work shift during which 
HIV-1 testing was performed show 
that most respondents (except the 
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blood bank laboratories) consider 
HIV-1 testing a routine procedure and 
usually perform it only during the day 
shift. Understandably, blood banks 
were more likely to report testing for 
HIV-1 antibody during evenings, 
nights, weekends, and holidays. Re- 


gardless of site, most laboratories 
perform enzyme immunoassay (EIA) 
screening for HIV-1 antibody more 
frequently than once a week. A major- 
ity of laboratories in each category re- 
ported testing for H_V-1 antibody 5 or 
more days each weex. 

In response to a question about the 
kind of training thet laboratory per- 
sonnel must complete before perform- 
ing HIV-1 antibody <esting, most par- 
ticipants identified tae following three 
resources: in-house training, manufac- 
turer’s kit instructicns, and manufac- 
turer’s workshops (Table 3). 

Fifty-four (98%) of the 55 non-US 
participants and 991 (99%) of the 995 
US and territorial participants re- 
ported that they performed HIV-1 an- 
tibody determination by EIA. A much 
smaller proportion ef all participants 
reported that they p2rformed WB con- 
firmatory testing m-house: 67% of 
non-US laboratories and 34% of all US 
and territorial laboratories. As a 
group, health department laboratories 
are more likely to perform their own 
WB analysis than zre other types of 
laboratories. Wher asked whether 
they performed ind:rect immunofluo- 
rescence assays for HIV-1 antibody 
in-house, 62% of the non-US respon- 
dents and 34% of the US and territo- 
rial respondents arswered that they 
did. Sixty-nine percent of the surveyed 
non-US laboratories and 82% of the 
surveyed US and territorial laborato- 
ries indicated that they send HIV-1 
specimens to other laboratories for 
supplemental testing. Most partici- 
pants identified WB testing as the 
most frequently requested supplemen- 
tal test. 

Laboratories were asked to describe 
the sequence of test_ng events (for re- 
active specimens) fcr HIV-1 antibody 
tests that they perferm on-site. Table 
4 summarizes testing algorithms only 
for those US laboratories performing 
confirmatory tests ir-house. The single 
most common pattern to emerge was 
testing by single EJA followed by du- 
plicate EIA followec by WB. Although 
large, the “other” category of testing 
algorithms comprises a multiplicity of 
patterns. 

Responses to a question about which 
WB band patterns were interpreted to 
be HIV-1 antibody Dositive (reactive) 
were aggregated for all US and terri- 


- 
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torial and non-US participants who 
performed the test in-house. The ag- 
grezated results showed that the 
largest proportion (80%) considered 
the following pattern ind_cative of in- 
feci-ion: p24/25, pus p31/é2, and either 
gp4i or gp120/gp160 (Food and Drug 
Administration- icensed DuPont test 
criteria). The next mosz frequently 
identified pattern was “any two of 
p24/25, gp41, gp120-gp169” (Associa- 
tior of State and Territorial Public 
Health Laboratory Directors, CDC, 
anc. Department of Cefemse criteria), 
with 24% agreement. Fifteen percent 
indicated that ‘“p24/25 ples gp41” (Na- 
tional Institutes 2f Health) should be 
interpreted as positive (reactive), 12% 
endorsed one prozein rom each of the 
three viral gene prcduc groups as 
positive (American Red Cross crite- 
ria, 10% identitied proteżns from two 
of the three viral gene preduct groups 
as positive (Conscrtium fcr Retrovirus 
Serology Standardization criteria), 
and the remainder incicated that they 
usei other criteria in the interpreta- 
tion of a positive WB result. None of 
the four ecategcries of US and territo- 
rial laboratories (ie, hospital, health 
department, blocd bank other) re- 
ported just one criterion for classify- 
ing WB results az positive. When re- 
sponses to the questicn about what 
constitutes a negative WE interpreta- 
tior. were aggregated. 54% of all re- 
spondents indicatec “no bands 
present” and 40% indicatad “no HIV- 
specific protein bands p-esent.” Six 
percent indicated other criteria for the 
interpretation of negative WB tests. 

A variety of questions pertaining to 
HIV-1 antibody testing practices are 
given in Table 5. as seen in that table, 
a sizable minozity of laboratories do 
not nave written criteria fer determin- 
ing when specim2ns zor HIV-1 anti- 
body testing are unsatisfactory. Most 
laboratories surveyed did rave written 
procedures for protecting the confi- 
dentiality of Hi V-1 test results. Of in- 
terest is the fact that cerzain US and 
territorial laborazories in each of the 
four categories cantinue to treat spec- 
imens with heat inactivation, presum- 
ably as a safety practice, and that only 
a minority of hoszital anc blood bank 
laboratories use zontzol serum sam- 
ples other than those supolied by the 
kit manufacturer 


Table 5.—HIV-1 Antizody Testing Practices by Laboratory Type“ 


No. (%) Responding Yes by Type of Laboratory 
LALLA OOOO LLL ECC CL raa a, 
Hospital Health Department Blood Bank Other 
{n = 391) {n = 84) (n = 128) {n = 392) 
















Servey items 
Does your lajoratory have written 
criteria for unsatisfactory HIV 

specimens? 













346 (88) 64 (76) 94 (73) 324 (83) 






Does your laboratory pretreat 
specimens by heat inactivation? 






7 (2) 13 (15) 1 (<1) 11 (3) 






Does your laboratory pretreat 
specimens by addition of 
detergent? 7 (2) 


Do you routirely use control sera 
other than those supplied by the 
manufacturer? 64 (16) 51 (61) 16 (12) 90 (23) 


Do you send HIV specimens to 5 
other laboratories for ý 
supplemental testing? 

Do you have procedures for 
protecting zhe confidentiality of 
HIV test results? 372 (95) 84 (100) 127 (99) 376 (96) 

*HIV-1 indicates human immunodeficie 1cy virus type 1. Values are number (percent). All laboratories are in 
the United States and US territories. 







0 (0) O (0) 11 (3) 








342 (87) 49 (58) 113 (88) 310 (79) 













Table 6.—HIV-1 Antibody Testing by Enzyme Immunoassay: Number of Controis Used, 
by Laboratory Type” 


Type of Laboratory 
peesaa att r/R I, 
Hospital Health Department Biood Bank Other 


Positive Controis per Run 
, {n = 364) {n = 82) (n = 118) {n = 365) 
40 (11) 7 (8) 8 (7) 43 (12) 
51 (14) 12 (18) 15 (13) 88 (24) 
220 (60) 37 (45) 72 (61) 183 (50) 
§3 (15) 26 (32) 23 (19) 51 (14) | 
Negative Controls per Run 
(n = 80) (n = 118) 
0 (0) O (0) 
2 (2) 1 (<1) 
47 (59) 92 (78) 
26 (32) 22 (19) 


(n = 364) 
0 (0) 
23 (6) 
201 (55) 
120 (33) 


(n = 363) 
1 (<1) 

11 (3) 
2414 (66) 
93 (26) 





* Excludes laboratcries that failed to resoond to the question. HIV- 1 indicates human immunodeficiency virus 
type 1. All laboratories are in the United States and US territories. Values are number (percent). 


Table 7.—Estimated Percentage. of Specimens Reactive for HIV-1 Antibody by Enzyme 
Immunoassay, Within ost Recent Week of Survey, by Laboratory * 


Type of Laboratory 
Estimated 


% Reactive Hospital Health Department Blood Bank 





* HIV-1 indicates human immunodeficier cy virus type 1. All laboratories are in the US and US territories. 


Table 6 describes the number of testing by EIA), “during the most re- 


positive and negative controls used 
when testing for HIV-1 antibody by 
KIA, and Table 7 summarizes tre par- 
ticipants’ estimates of the proportion 
of reactive samples (HIV-1 artibody 
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cent representative week.” 


COMMENT 


Ensuring the high quality of HIV-1 
antibody testing is an essential com- 
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ponent of the organized public health 
response to epidemic HIV-1 infection. 
Accurate and timely HIV-1 testing 
plays a critical role in programs for 
disease surveillance and prevention 
and continues to ensure the availabil- 
ity of a safe national blood supply. 
From a medical perspective, critical 
treatment decisions are based on the 
results of HIV-1 antibody testing. 

Although great technical strides 
have been made in the field of HIV-1 
diagnostics and although testing for 
HIV-1 antibody has become widely 
available, it is important to emphasize 
that quality assurance for HIV-1 test- 
ing is an ongoing activity and not 
merely a function of the novelty of the 
diagnostic procedure. As public health 
messages encourage more and more 
people to receive counseling and test- 
ing, we can expect a proliferation of 
HIV-1 testing in response to this need. 
The important public health, medical, 
and social outcomes associated with 
HIV-1 antibody testing make it imper- 
ative that testing be of the highest 
quality possible, within the limits of 
the technology. 

Nor is it only the analytic portion of 
the testing process that warrants 
quality assurance. Early in 1987, a 
survey of American hospitals per- 
forming HIV-1 antibody testing 
showed “marked variety” in the man- 
ner in which results were handled, pa- 
tient consent was obtained, and coun- 
seling was performed. The compo- 
nents of laboratory testing quality 
encompass the entire testing process 
from test requisition and specimen 
collection through result reporting 
and interpretation.* The CDC’s MPEP 
approaches the goal of laboratory 
quality assurance comprehensively, 
recognizing that preanalytic and post- 
analytic variables can have a major 
effect on the quality of test results and 
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their subsequent clinical interpreta- 
tion. ` 

Much of the data collected by the 
MPEP can be used to identify potential 
barriers to quality throughout the 
testing process. One of the most im- 
mediate needs identified in this survey 
pertains to a postanalytic component 
of HIV-1 antibody testing, namely, the 
interpretation of WB results. Our sur- 
vey showed that laboratories, regard- 
less of type, use a variety of criteria for 
classifying WB results as positive or 
negative, and we suspect that even 
within the same laboratory different 
criteria may be used under different 
circumstances. For clinical and public 
health practice, the CDC recommen- 
dations, which endorse the Associa- 
tion of State and Territorial Public 
Health Laboratory director’s guide- 
lines for a positive WB as the presence 
of any two of p24, gp41, and gp120/160 
bands,’ should help to rectify this sit- 
uation. Ongoing educational efforts, 
however, will still be required to dis- 
seminate this information to labora- 
tories performing the WB procedure 
and to clinicians ordering the test. 

Our observations that not all labo- 
ratories use the same algorithm for 
performing HIV-1 testing and that the 
number of controls used during KIA 
testing for HIV-1 is variable suggest 
the need for standardization, and for 
ongoing education and training in the 
analytic stages of HIV-1 antibody test- 
ing. ` 

Examples of potential barriers to 
quality in the preanalytic stage of 
testing are the lack of written criteria 
for the rejection of unsatisfactory 
HIV-1 specimens and the practice, al- 
beit uncommon, of heat inactivating 
specimens before testing. This practice 
is unnecessary as a safety precaution 
for clinical specimens if laboratories 
have instituted universal precautions 
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for all blood and body fluid specimens.‘ 
In addition, heat inactivation has been 
shown to interfere with test accuracy 
both for EIA screening procedures’* 
and for WB confirmatory testing. Fur- 
thermore, the large number of partic- 
ipants reporting receipt of outside 
specimens suggests another potential 
source of preanalytic error in specimen 
collection, labeling, and transport. 
Although overwhelming concern 
about the need for quality HIV-1 test- 
ing often forces the public sector to 
look for deficits in the testing process, 
it is encouraging that the MPEP has 
documented a numoper of practices in 
the preanalytic, analytic, and postan- 
alytic stages of HIV-1 antibody testing 
that indicate that a large number of 
laboratories are providing high- 
quality testing. Furthermore, the fact 


` that the CDC program is voluntary 


and yet manages to attract a large 
number of participants indicates that 
many laboratorians share our concern 
about the importance of high quality 
in HIV-1 testing. 

The information obtained by the 
MPEP is germane to other public 
health programs as well. Certain ele- 
ments of the data we collect will be 
used to develop a more comprehensive 
understanding of the training needs of 
laboratorians performing HIV-1 anti- 
body testing and can be incorporated 
into laboratory training interventions 
that seek to promote standards of 
quality across different testing sites. 
Furthermore, our experience with the 
MPEP can be applied to other labora- 
tory diagnostic procedures. The CDC’s 
emphasis on ensuring high quality of 
HIV-1 antibody testing is an expres- 
sion of our recognition of the impor- 
tant role that laboratory testing plays 
in supporting naticnal public health 
objectives. 


7. Evans RP, Shanson DC, Mortimer PP, Clin- 
ical evaluation of Abbott and Wellcome enzyme- 
linked immunosorbent assays for detection of se- 
rum antibodies to human .mmunodeficiency virus 
(HIV). J Clin Pathol. 1987;40:552-555. 

8. McBride JH, Howaritz PJ, Rodgerson DO, 
Miles J, Peter JB. Influence of specimen treatment 
on nonreactive HTLV-II] sera. AIDS Res Rum 
Retroviruses, 1987;3:333-340. 

9, Goldfarb MF. Effect of heat inactivation on 
results of HIV antibody detection by Western blot 
assay. Clin Chem, 1988;341661-1662. 
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Human Immunodeficiency Virus Type 1 


Proficiency Testing 


The American Assoziation of Blood Banks/College of American Pathologists Program 


Herbert F. Polesky, MD, Margaret R. Hanson, MT(ASCP), SBB 


e The American Asseciation of 
Blood Banks/College of American 
Pathologists Viral Marker ‘Survey pro- 
gram added samples to ewaluate par- 
ticicant performance wit? test sys- 
tems for the detection of antibodies 
to human immunodeficiancy virus 
type 1 in 1985. On the 80 challenges 
sent through April 1989, the major 
problem observed wih enzyme im- 
munoassay testing was wnexpected 
reactivity on sarnples trat did not 
comain anti-human immunodefi- 
ciency virus type 1. One manufactur- 
ers testing sysiem accounted for 
most of the specificity prcblems. The 
sensitivity of the enzyme mmunoas- 
say for anti-human immunodeficien- 


n March 2, 19£5, reagents to sereen 

blocd donors for anti-F uman T-cell 
lymphotropic virus type IT] (now called 
anti-human immunod2ficency virus 
type 1 [HIV-1]} were liceused by the 
Fooc and Drug Admiristration to as- 
sure a safer blcead supply. The initial 
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cy virus type 1 is close to 99%, based 
on the multiple reactive samples 
used on the 16 panels. Betwee1 1985 
and 1989, there was a 14-fold in- 
crease in participants reporting 
Western blot results. The int-oduc- 
tion of a licensed system for Western 
blots increased the number of sam- 
ples that contained antibody to hu- 
man immunodeficiency virus type 1 
interpreted as indeterminate. An- 
swers to supplementary questions 
showed that the rate of repeatably re- 
active and confirmed positives on 
blood donors dropped to less than 
0.1%. 

(Arch Pathol Lab Med. 1990;114: 
268-271) 


kits were based on enzyme immunoas- 
say (EIA) systems that used £ stock 
National Institutes of Health viral cul- 
ture provided to five manufacturers un- 
der an RFP, In anticipation of th2 avail- 
ability of these test kits, the College of 
American Pathologists (CAP) T>ansfu- 
sion Transmitted Viruses Arcillary 
Committee began planning for a pilot 
survey to evaluate the use of these new 
tests in the routine screening setfing. In 
July 1985, the first of three pilot surveys 
was mailed. In 1986, samples fer anti- 
HIV-1 testing were incorporated into 
the Donor Module of the American As- 


sociation of Blood Banks (AABB)/CAP 
Viral Markers Survey (W) for quarterly 
distribution to subseribers. As with the 
pilot surveys, each mailing has had five 
challenges to be evaluated by routine 
screening and confirmation tests. In 
1989, a new survey (WZ) was intro- 
duced for laboratories doing Western 
blotting. 

In planning for evaluating laboratory 
performance with anti-HIV test meth- 
ods, the committee developed specifica- 
tions to include reactive and nonreac- 
tive samples that should be correctly 
identified by using the same tests and 
methods used in testing blood donors. 
As described below, replicate samples 
within mailings and between mailings 
are used to monitor the reproducibility 
of results and consistency of reagent 
kits. To help recognize problems with 
these tests, supplementary questions 
about methods, reagents, and observed 
results on unknown samples are in- 
cluded with each mailing. These ques- 
tions are also designed to determine the 
common approaches to various policies 
on issues, such as reporting, confidenti- 
ality, confirmation of results, ete. 


MATERIALS AND METHODS 


Participants in the AABB/CAP Viral 
Markers (Donor Module) Survey are sent 
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five challenges each quarter. The samples 
are made from pools of blood donor plasma 
that have been defibrinated by the addition 
of thrombin and calcium chloride, delipi- 
dized, and sterile filtered. Thimerosal 
(0.01%) is used as a preservative. Units used 
to prepare the samples are tested with a 
Hood and Drug Administration~approved 
anti-HIV EIA reagent that is normally used 
for screening of donors. Blood donor units 
found to be HIV reactive by both EIA and a 
Western blot are added to pools of nonreac- 
tive plasma in varying dilutions. The dilution 
used is selected to react repeatably with cur- 
rently available lots of screening reagents 
and to show expected viral bands on Western 
blot, All reactive units are heated to 56°C for 
45 minutes to reduce potential infectivity.” 
Nonreactive units are not heat-treated. Be- 
cause of concerns about infectivity, the reac- 
tive samples used on the pilot surveys were 
prepared from dilutions of immunoglobulin 
preparations for human use that contained 
high titers of anti-HIV. 

Results obtained by subscribers to the Vi- 
ral Marker Survey are returned to the CAP 
Computer Center in Traverse City, Mich, for 
tabulation and evaluation. Participant re- 
sults are compared with results obtained by 
referees by using similar methods. If less 
than 80% of participants agree on the result, 
a sample is considered to be a nonzonsensus. 
Grading of results is based on the consensus 
of the reports for each method, not on the 
manufacturer of the reagents or kit used. 
Results from EIA sereening are compared 
by reagent manufacturer. This comparison is 
based on the total number of correct respons- 
es reported for all reactive or all nonreactive 
samples divided by the total number of ex- 
pected responses. Participants who use 
Western blotting are asked to report both 
the bands observed and the interpretation of 
the test. Photocopies of the membranes are 
also requested. Starting with panels in the 
1988 survey year, results on Western blot 
also have been compared by reagent 
manufacturer. 


RESULTS 


This report summarizes the results 


Table 2 shows the results reported by 
method for the 80 samples. Participants 
who used EIA screening correctly iden- 
tified the 46 reactive samples 98.58% of 
the time. Almost all of the incorrect re- 
sponses could be attributed to one repli- 
cated sample (W-26 and W-41) used in 
1988 (Table 3). On both mailings, includ- 
ing this sample, 20% to 30% of partici- 
pants who used three of the six EIA 
reagents on the market reported the 
samples as nonreactive. The majority of 
participants who used these three re- 
agents and 97.1% to 99.6% of those who 
used reagents from the other manufac- 
turers reported the samples as reactive. 

Consensus results (80% participant 
agreement) by ETA were obtained on 25 
(73.5%) of the 34 nonreactive samples. 
Table 3 shows that almost all of the reac- 
tive results on these samples were re- 
ported by participants who used re- 


Table 1.—Methods Used for HIV-1 
Antibody Testing by Subscribers to 
the AABB/CAP Viral Marker Survey * 


No. of 
Laboratories 
Reporting 





*HIV-1 indicates human immunodeficiency virus 
type 1; AABB, American Association of Blood Banks; 
CAP, College of American Pathologists; EIA, enzyme 
immunoassay; WB, Western blot; and IFA, immuno- 
fluorescence assay. 


Sample ID No. 


(Year) Correct Result 





agents from a sinzle manufacturer. 
When the same sample was replicated 
within a mailing (WA-1 [1987] and WA-5 
[1987]), there was a eoncordance in the 
number of participants reporting both 
samples as reactive. When results from 
between panel replicates (WM-2 [1985] 
and WM-9 [1985]) were compared, reac- 
tive rates on the same sample differed 
by as much as 72%. The incorrect re- 
sponses correlated with the lot of re- 
agent used by participants. 

Results obtained b;y participants who 
used Western blottinz are shown in Ta- 
ble 4. On the first nin2 panels (pilot sur- 
veys and WA [1986] and WB [1987]), 
participants’ results were summarized 
as reactive (including indeterminate re- 
sults) or nonreactive. Starting with 
panel WC (1987), indeterminate results 
were shown in the summaries. Results 
on the first nine panels showed that 


Table 2.—Percen’age of Correct 
Results Reported 3y Participants 
Using EIA Tests for antibody to HIV- 1 * 


Expected Result 
ALL ANTI, 
Year Nonreactivet Reactive 


90.6 (6)4 98.9 (9)+ 
98.7 (8) 98.1 (12) 
60.3 (9) 99.6 (11) 
97.9 (7) 97.2 (13) 
79.0 (3) 99.5 (2) 


“EIA indicates enzyme immunoassay; HIV-1, hu- 
man immunodeficiency virus type 1. 

tNine nonconsensus samples (1985 two; 1986, 
one; 1987, five; and 1989, ane). 

Number of samples on panels is given in paren- 
theses throughout. 


Abbott 
Laboratories, 
North Chicago, Ill 


Otherst 


W-2 (1985) 
W-9 (1985) 
W-35 (1986) 
W-1 (1987} 
W-5 (1987) 
W-22 (1987) 
W-5 (1989) 
W-26 (1988) 99.9 (627) 73.7 (164°§ 
W-41 (1988) 99.8 (648) 76.9 (173 § 
"iD indicates identification; EIA, enzyme immunoassay; and WB, Western blot. 
tDupont Pharmaceuticals, Wilmington, Del; ElectroNucleonics; Genetic Systems Cor, Seattle, Wash; Orga- 
non Teknika, West Orange, NJ; Ortho, Raritan, NJ. 


+Number of reporting participants is given in parentheses throughout. 
§Participants using Dupont, ElectroNucleonics, and Ortho reagents. 


19.7 (289)4 
93.1 (299) 
2.0 (350) 
26.5 (350) 
27.0 (353) 
64.8 (495) 
30.7 (721) 


100 (30) 

100 (46) 
93.6 (1308 
99.1 (60) 
99.0 (60) 

100 (177) 
96.7 (338: 


72.2 (11) 
90.0 (10) 
97.1 (38) 
90.9 (33) 
96.0 (33) 
93.0 (83) 
98.6 (141) 
97.8 (148) 
96.4 (157) 


Nonreactive 
Nonreactive 
Nonreactive 
Nonreactive 


from 16 mailings between July 1985 and 
April 1989. The total number of samples 
sent was 80 and included 46 reactive 
samples and 84 nonreactive samples. 
Table 1 compares, by method, the num- 
ber of participants reporting results for 
each survey year. From the initiation of 
the survey in 1985 to the present time, 
there has been a threefold increase in 
laboratories doing EIA screening and a 
14-fold increase in those reporting 
Western blot results. 


Nonreactive 
Nonreactive 


Nonreactive 
Reactive 
Reactive 
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_ 97.4% of the time 3articipants reported 


- the 27 reactive samples correctly. Cor- 


rect responses were given 94.9% of the 
time on the 18 nonreactive samples. 
Seven panels were mailed from October 
‘1987 through Avril 1989. The percent- 
age of correct responses ior she 20 reac- 
- tive samples on th2se panels dropped to 
82.2%. 

Table 5 shows Western bict results by 
reagent source. Between 0.2% and 1.4% 
of yartieipants reported reactive sam- 
ples as nonreactive; acwever, almost 
- 80% of saboratories tha: used licensed 


_ reagents interpreced these samples as’ 


' indeterminate. Few participants re- 
pored the 15 noareactive samples as 
reactive. The percentage of partici- 
pants who reported these samples as 


indeterminate was between 1.6% and 


12.5%, depending on zhe r2agent sys- 
ter used. 

Supplementary queszionnaires that 
were sent with tke survey samples re- 
quested information on the technical 
performance of tke tests, the numbers 
of patients who w=re cescrived to have 
developed acquired inimurodeficiency 


syndrome as a result of transfusion, and. 


participant policies on various acquired 
immuncdeficienc; syndrcme-—related 


_ ‘issues. Table 6 snows that from 1985 to 


the present there has been a significant 
decrease in zhe number of donars with 
initial reactive and repeatably reactive 
results on routine EIA testing There 
also has been a fourfold decreas2 in the 
number of donors confirmed zs anti- 
HIV reactive. 


COMMENT 


The licensure of screening tests for 
antibody to HIV-1 was accompanied by 
announcemerts that this test was spe- 
cifically designed to protect the safety of 
the blood. supply. The package inserts 
for these test systems clearly specified 
that the approved use was for testing 
normal blood donors. Prelicense testing 
of the reagents indicated nearly 100% 
sensitivity wher.-panels of samples from 
patients with acquired immunoceficien- 
cy syndrome were evaluated. Specific- 
ity was also reported to be greater than 
99% on samples from normal -ndivid- 
uals. Because there is a possibikty that 
reactivity on the screening test could be 
due to technique-dependent variables, 
protocols for determining react-vity re- 
quire duplica-e evaluation of initially re- 
active samples. As seen in Table 6, the 
percentage cf initial reactive samples 
observed in blocd donors has decreased 


Table 4.—Percent Agreement With Expected Result Repcr-ed by Participants Using 
V"Bs to Detect antibody to HIV-1* 


Expected Resut 
Norreactive (18}+ 
Reactive (27) 
Marceactive (15) 
Reactive (20) 


Reported Result 


rs tetanic, 
Nonreactive 


indeterminate Reactive 





HNB indicates Weste-n bict; HIV-1, human immunodeficiency virus type 1. 
tHumber of samples is given in parentheses throughout. 


Table 5.—WB Results Obtained With Reagents From Various Manufacturers (WA-1988 to WA-1989)* 


Nonreactive 


Menufacturer 


3io-Rad 85.3 12.5 28.1" 73.2 


DuPont 88.4 
Ərgaron Teknika 95.9 
n hose 98.4 


Nonreactive (10}+ 
oe 


indeterminate Reactive 


2.2 0.7 
10.8 - 0.8 0.9 
4.1 0.0 0.3 
1.6 0.0 1.4 





*WA-1988 to WA-19839 reoresercs a time period hat spans five panels. 
tData are given as percenlages af results reported by participants. 


$Humber of sampies on the five panels. 
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with time. This decrease in reactivity 
can be attributed to several factors, in- 
cluding more experience with anti-HIV 
testing, modifications made in the re- 
agent systems, and a change in the pop- 
ulation being tested. 

Much concern has been expressed 


' that the application of these tests to 


large numbers of persons in populations 


‘with a low prevalence of HIV-1 would 


lead to a high proportion of false-posi- 
tive to true-positive results.”* Results 
that have reported on testing large 
numbers of donors have confirmed that 
only a small number of initially reactive 
samples are from individuals with anti- 
body to HIV-1.°" The significance of the 
specificity of HIV-1 antibody tests has 
led to much debate, as various proposals 
were advanced for the screening of addi-_ . 
tional populations, ie, premarital appli- 
cants,” military recruits,” immigrants, 
etc. 

Results that have reported on the 
AABB/CAP Viral Marker Survey spec- 
imens have shown that with the samples 
used, specificity is a problem. * Of the 80 
challenges reviewed in this article, 9 
(27%) of 33 nonreactive samples were 
classified as a nonconsensus because 
more than 20% of participants reported 
their result as repeatably reactive by 
EIA (Table 2), As seen in Table 8, al- 
most all of the nonspecificity could be 
assigned to participants who used re- 
agents that were made by Abbott Lab- 
oratories, North Chicago, Ill. Exten- 
sive studies of donor units selected for 
pooling to obtain survey samples, as 
well as on the final pools at various 
stages in processing, have failed to de- 
lineate why this specificity problem oc- 
curs. The variability in results obtained 
on the same survey sample with differ- 
ent lots of Abbott reagents and the dif- 


Reactive (15) 


erento A A RERE i 
Nonreactive 


Indeterminate Reactive 
= : 69.8 
90.2 
= , 88.7 


Human Immunodeficiency Virus Testing — Polesky & Hanson 


i Tabie 6.—Results of Donor Testing for Antibody to HIV-4 and 


Reactivity, %t. f ~ 


ttre te ea, 
initial 





Repeatable Confirmed 


*HIV-1 indicates human immunodeficiency virus type 1. 
tPercentage of donors tested by responding participants. 


ference in reactivity seen when samples 
are replicated on different panels (Table 
3) suggest some of the problem is attrib- 
utable to the reagent system. Although 
some of the lack of specificity might be 
due to the methods used to select and 
prepare the AABB/CAP survey sam- 
ples, similar specificity problems have 
been observed with nonreactive sam- 
ples included on laboratory evaluation 
panels sent out by the Centers for Dis- 
ease Control” and by the American As- 
sociation of Bioanalysts. On an Ameri- 
ean Association of Bioanalysts panel 
mailed in early 1989, four nonreactive 
samples were not evaluated because the 
majority of participants whe used Ab- 
bott reagents reported them as 
reactive. 
Panel samples that contain antibody 
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to HIV-1 are selected to represent lev- 
els of reactivity that would be found in 
donor samples. Thus, testing of survey 
samples is not usually a good measure of 
the sensitivity of the reagent systems. 


Two recent samples, W-26 and W-41 | 


(1988), were inadvertently diluted sev- 
eral fold greater than called: for in the 
sample specifications. The EIA test re- 
sults on these highly diluted samples 
and all other reactive samples indicate 
that these tests have good sensitivity. 
From the results on these samples, 
there is evidence that in some laborato- 
ries borderline reactivity may not be 
detected with some manufacturers’ re- 
agent systems. This could be a reagent 
problem; however, more than 60% of 
laboratories that used the same reagent 
system reported the samples as reac- 
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tive. This suggests that performance 
and technical factors, as well as reagent 


_ sensitivity, are critical in the detection 
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Human Immunodeficiency Virus Type 1 


Reference Materials 


““hornas A. O’Briex, PhD 


è Since licensure of the first hu- 
man immunodeficiency virus type 1 
screening assay in March 1985, there 
has been a need fr well-character- 
ized human immurodeficiency virus 
type 1 reference sera. These sera 
\ou.-d be used in an effort to ensure 
uniformity of human immunodefi- 
ciensy virus type 1 zest results world- 
wide. Three majo: organizations — 
the World Health: Drganization, the 
Pan American Health Organization, 
and the National Committee for Clini- 
cal Laboratory Standards working 
with the College of American Pathol- 
ogisis—~have ongoing programs 
aimed at the preparation of these ref- 
erence sera. All three organizations 
are preparing boih negative and hu- 
man immunodefizncy virus type 1 
sercpositive sera. fh addition, one or- 
ganization is preparing early sero- 
converter and late acquired immuno- 
deficiency syndrone samples. The 
status of these efforts and the sero- 
logic characteris{fics of the sera were 
reviewed. 

(Arch Pathol Lao Med. 1990;114: 
272-276) 
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\ \ } e present an update on the cur- 

rent efforts toward the prepara- 
tion of human immunodeficienez virus 
type 1 (HIV-1) reference materials. The 
goal of these efforts is to enstre the 
uniformity of HIV-1 testing nationwide 
and hopefully worldwide. There are 
three major organizations—the World 
Health Orgarizetion (WHO), fcllowed 
by the Pan American Health Orzaniza- 
tion (PAHO), and then finally, i1 more 
detail, the efforts of the Nationel Com- 
mittee for Clinical Laboratory Stan- 
dards (NCCLS35)— working toward stan- 
dardization cf HIV testing. This article 
will review first the efforts of tkese or- 
ganizations. The NCCLS efforts are 
most relevant to the current efiorts at 
standardization of HIV-1 testing in the 
United States. 


WHO 


In 1988, the WHO prepared and made 
available two HIV reference sera.’ The 
first is a reactive serum identified as 
86/6302. This serum is strongly reactive 
in nine different HIV-1 enzyme-linked 
immunosorbent assays (ELISAs). It is 
a typical reactive serum that sho-vs core 
protein (gag), polymerase (pol), and en- 
velope (env) polypeptides on V’estern 
blot (Fig 1).”" 

In addition, tke WHO has a nonreac- 
tive sample, 86/6238. This sample is 
nonreactive by all ELISAs end by 
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Western blot. These sera are available 
as freeze-dried preparations from the 
National Institute for Biological Stan- 
dards and Control, in London, England. 
These materials have been available for 
approximately 1 year, but for unknown 
reasons, they have not been widely used 
in the United States. 

The primary effort of WHO toward 
HIV-1 standardization is called the 
AIDS (acquired immunodeficiency syn- 
drome) Reagent Project (J. Esparza, 
oral communication, July 1989). The 
goal of the AIDS Reagent Project is 
standardization of reagents, as well as 
standardization of the procedures that 
are used with those reagents. The AIDS 
Reagent Project is made up of three 
WHO collaborating centers on AIDS. 
These are the National Institute of Bio- 
logical Standards and Control in Lon- 
don, the Institute Pasteur in Paris, 
France, and the National Institute of 
Allergy and Infectious Diseases at the 
National Institutes of Health in Bethes- 
da, Md. All three WHO collaborating 
centers serve as repositories for re- 
search reagents. Among these research 
reagents are virus strains and molecu- 
lar clones, polyclonal immune animal 
sera, monoclonal antibodies and cell 
lines, as well as the HIV-1 reference 
antibody-positive and -negative human 
sera discussed above. Requests for re- 
agents from the three repositories are 


Reference Materials O’Brien 


A 
Cy 


y- gp160 Precursor of env Glycoprotein 
— gp120 Outer env Glycoprotein 


Reverse Transcriptase 
Component of pol Translate 


Precursor of gag Proteins 


Reverse Transcriptese 
Component of po/ Translate 

Transmembrane en 
Glycoprotein 


Endonuclease Component 
of pol Translate 


gag Protein 


gag Protein 





Fig 1.—Western blot pattern for established 
seropositive sample. Major human immuno- 
deficiency virus type 1 viral antigens are iden- 
tified by their molecular weight on the West- 
ern blot strip. env indicates envelope 
polypeptides; pol, polymerase polypeptides; 
and gag, core protein polypeptides. 


evaluated and coordinated by the WHO 
Global Program on AIDS in Geneva, 
Switzerland. 

The AIDS Reagent Project is also 
working actively toward standardiza- 
tion of the laboratory techniques that 
are used with the research reagents in 
its repositories. To help new laborato- 
ries carry out these techniques, the 
WHO has planned and carried out a 
number of workshops. Workshops in 
1989, for example, covered HIV isola- 
tion and characterization, pol chain re- 
action technology, and HIV monoclonal 
antibodies. Assays for measuring viral 
infectivity and neutralizing antibody 
will be covered in workshops held in 
1990. To summarize the efforts of the 
WHO, the organization has taken the 
approach of making reference sera 
available quickly, and these sera have 
been available for about a year. The 
WHO are now focusing its efforts on the 
WHO AIDS Reagent Project that is 
aimed at characterizing reagents for re- 
search purposes and carrying out tech- 
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nical training for laboratories around 
the world. 


PAHO 


The PAHO is working on written 
guidelines for the evaluation and stan- 
dardization of HIV-1 antibody test kits 
(C. Bianco, MD, oral communication, 
July 1989). This is a broad effort, with 
the preparation of HIV-1 reference ma- 
terials being only one of the organiza- 
tion’s goals. The PAHO document will 
contain guidelines pertaining to both 
HIV-1 screening and confirmatory as- 
says. Among the topies that will be in- 
cluded in the sections that cover screen- 
ing assays are test selection criteria, 
monitoring of lot-to-lot variations, and 
monitoring of test proficiency in the lo- 
cal laboratories. The ability to test lab- 
oratory proficiency is especially impor- 
tant. The PAHO guidelines will also 
discuss standardization of the Western 
blot confirmatory assay. 

Specifically with regard to HIV-1 ref- 
erence materials, the intention of the 
PAHO is that each country prepare its 
own seropositive reference standard 
and make it available to laboratories in 
that country. Ideally, each country will 
use the WHO reference positive serum 
to characterize its own country’s refer- 
ence standard. The PAHO specifies 
that the reference standard should 
show moderate ELISA reactivity and 
should contain antibodies to all the gag, 
pol, and env polypeptides on Western 
blot. The PAHO suggests that the coun- 
try establish an expected mean optical 
density for the sample as a target value 
that would give people a measure of 
their proficiency in running the HIV-1 
screening assays. Finally, the PAHO 
suggests that each local laboratory use 
the reference standard on every ELISA 
plate run, as a means of testing a known 
sample along with the other samples 
that they are testing. The reactivity of 
the known positive sample would be 
used as an additional measure of the 
validity of the results obtained from the 
ELISA plate. 


NCCLS 


This section of the article will review 
the efforts of the NCCLS in the prepa- 
ration of HIV-1 reference materials. It 
will first discuss the composition and 


mission of the NCCLS and then de- 
scribe, in some detail, the efforts of the 
HIV-1 Subecommitte2. The NCCLS is a 
consensus system of government, pro- 
fessional organizatiens, and industry. 
The purpose of the NCCLS is to bring 
together people from a variety of back- 
grounds to work uncer the umbrella of 
the NCCLS for a common goal. The 
NCCLS has been in 2xistence for more 
than 20 years. The 2asiest way to de- 
scribe the NCCLS is to present its mis- 
sion as follows: 


The National Committee for Clinical Labora- 
tory Standards promozes medically useful 
testing in a clinical labcratory and alternate 
sites by maintaining a forwr: for communica- 
tion and education with professionals in 
health care practice, gcvernment and indus- 
try and the consumere of testing products 
and services; operating. a cansensus mecha- 
nism for development, evaluation, and ap- 
proval of national and international volun- 
tary standards and gucdelines; cooperating 
with other national and .nternational organi- 
zations in developing, approving and imple- 
menting voluntary cons2nsus standards and 
guidelines." 


The key word here is “voluntary.” 
Through the NCCLE, people come to- 
gether in a voluntary effort to develop 
standards that are then used voluntari- 
ly by NCCLS mener organizations 
worldwide. The NCCLS carries out its 
mission through the use of nine area 
committees that cover most areas of in- 
terest in laboratory testing. The cur- 
rent committees are Clinical Chemis- 
try, Evaluation Protocols, General 
Laboratory Practic2s, Hematology, 
Immunology and Ligand Assay, which 
the HIV-1 Subcommistee is part of, In- 
strument Systems, Miercbiology, Toxi- 
cology and Drug Monitoring, and finally 
the National Referenze System for the 
Clinical Laboratory. The NCCLS com- 
mittees cover all major laboratory disci- 
plines. Within each ene of these area 
committees, there are groups of sub- 
committees that cover specific topics in 
much more detail. 


NCCLS Documents 


The products of the NCCLS are writ- 
ten documents. These documents cover 
a variety of laboratcry-related topics, 
such as “Selecting anc Evaluating a Re- 
ferral Laboratory,” “Assessment of 
Clinical Sensitivity snd Specificity of 
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Laboratory Tests.” and “Protection of 
Laboratory Workers From Infectious 
Disease Transmitted by Bbod and Tis- 
sue.” The NCCLS pablshes 
ments and guidelines; laboretories then 
‘use them in the owr secting to run 


. thei organization. The NCDLS devel- 


ops its documents thrcugl: the consen- 


- sus process. There are -our levels in this | 


process.” The dceame2nts mentioned 
above started ouz as prcgosed stan- 
dards. These proposed standards are 
written by a subcommittee of experts 
whe work on a specific topic. After the 
subzommittee epproves a document, it 
is then voted on by the area committee 
and subsequently ar the Bcard of Direc- 


tors of the NCCLE. On approval by the | 


Boerd, the doeurrent is published as a 
proposed standard and sent to all mem- 


ber organizations Soe a min mum 60-day — 
review. At the enc of zhe zeview, com-’ 


ments from the memker ayanizations 
are addressed by the apprcpriate sub- 
committee, and she standard or guide- 
line is modified to reflect those com- 
ments. Once -th2 comments are 
addressed, a tei ritetive staréard is writ- 
ten. The tentative scandarc -s then pub- 
lished and made aveilable D- review for 
l year. As with the proposec document, 
comments from the memter organiza- 
tiorss are reviewed, answered, and 
made part of the documert. The docu- 
ment is modifisd ¢s necessary, and a 
candidate standard for approval is pre- 
pared, After a 60-Jey reviev and voting 
by all active NCCLS merbers, a final 
approved standard is publshed. Final- 
ly, the approved standaré Ís reviewed 
every 3 years to s2¢ if It is still relevant 
and to se if it neetis to be changed. 


NCCLS HIV-1 Subcom mittee 


The objective cf the NCDLS HIV-1 
Sukcommittee wes to write guidelines 
for the preparezicn of HIY-1 reference 
mazerials and to collaborete in their 
preparation and distrioutzon. The goal 
of this subcommittee was not just to 
write a document. Tke s15committee 
wanted to go.a stes further and make 
- sure these reccremce metz2rials were 
prepared and made avzilakde to the com- 
munity as soon as possible. By working 
with the College o7 Amer can Patholo- 
gisss (CAP, Norzkñed, L), the sub- 
committee has made muci progress in 
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this effort, and the NCCLS ard CAP 
are moving rapidly toward making 
these materials available. 

The secondary objective of the sub- 
committee was z0 keep aware cf other 
efforts on HIV-1 standardization by 
having a broad representation cf mem- 
bership. The goal was to be aware of 
other efforts, to collaborate in those ef- 
forts, and to try to make the HIV-1 


‘materials available as quiczly as possi- 


bie. To meet these goals, it was impor- 
tant to have a broad representation of 
membership. Indeed, it has been this 
broad membership that has allowed the 
development o? a truly comsensus 


‘document. 


The Table contains the nem>er ership 
of the HIV-1 Subcommittee. Individ- 
uals were chosen for memb2rship in the 
subcommittee, based on ther own 


‘knowledge of HIV-1 testinz along with 


the potential that their organization 
could help in the preparation of zhe ma- 
terials. It is clear that the subcommittee 
does have the cesired broad rember- 
ship with representatives from zovern- 
ment who regulate the assays, trom in- 
dustry who make the assays, as well as 


_ from the blood-sanking, pablic health, 


and AIDS research communities. 
HIV-1 Guidelinz2 


The proposed guidelins wes pub- 
lished in June 1888 and was under mem- 
bership review through Jenuary 1989. 
The subcommittee met in Marck 1989 to 
review the comments and to draft the 
tentative guideline. Thə tentative 
guideline has keen voted on and ap- 
proved by both the HIV-1 Subcommit- 
tee and the Area Committ2e or Immu- 
nology and Ligand Assay. It should 
obtain final Board approva and be pub- 
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lished early in 1990. 

The title of the proposed guideline is 
“Human Immunodeficiency Virus Ref- 
erence Material Specifications: Proce- 
dures for Preparing Four Human 
Immunodeficiency Virus Antibody Ref- 
erence Materials From Human Se- 
rum.” The document begins with an 
introduction that presents the goal of 
this guideline and why it was put to- 
gether, followed by the scope of what is 
covered in the guideline. Next, the 
sources and characteristics of the sera 
and plasma used for the reference mate- 
rials are discussed in detail. The docu- 
ment then covers the collection and 
storage of the sera, the procedures for 
preparing the HIV-1-reference materi- 
als, and finally the characterization of 
the reference materials. 

The NCCLS HIV-1 guideline covers 
four reference materials: (1) a negative 
sample, (2) an established seropositive 
sample, (3) an early seroconverter sam- 
ple, and (4) a late AIDS sample. The 
subcommittee believed early on that the 
negative and the established seroposi- 
tive samples would be the easiest to find 
and would be used most frequently. The 
early seroconverter and late AIDS sam- 
ples would be more of a challenge to 
prepare and would be used pr MEE for 
research purposes. 


Negative 


Sample.—The guideline specifies 
that the negative serum should be col- 
lected from a low-risk donor. It should 
be negative by using all licensed sereen- 
ing tests and by Western blot, by immu- 
nofluorescence, and by radioimmuno- 
precipitation. Both the initial sample 
and a subsequent follow-up sample 
must be negative by all the assays noted 
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Fig 2.—Western blot patterns for early seroconverter and late acquired immunodeficiency 
syndrome samples. Left, Early seroconverter: strip 13, day 1 (first sample with human immuno- 
deficiency virus type 1 antibodies); strip 14, day 14; strip 15, day 35; and strip 21, human 
immunodeficiency virus type 1 seropositive control. Right, Late acquired immunodeficiency 
syndrome: strips 18, 20, and 22 contain various late acquired immunodeficiency syndrome 
samples; strip 24, negative control; and strip 25, human immunodeficiency virus type 1 
seropositive control. 


above. If the subsequent sample is neg- 
ative, then the first sample donation is 
acceptable for use in preparing the ref- 
erence material. 

Established Seropositive Sample. — 
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The established seropositive sample is 
similar to the WHO and PAHO materi- 
als. The established seropositive sam- 
ple should be positive by using all li- 
censed screening assays and by 


Western blot, immunofluorescence, and 
radioimmunoprecipitation. On Western 
blot all gag, pol, and env polypeptides 
should be present. Figure 1 shows the 
Western blot pattern of the proposed 
seropositive sample.’ All the major HIV 
bands are present: the gag bands at p17, 
p24, and p55, the pol bands at p31, p51, 
and p66, and the enw bands at gp41 and 
gp120/160. This is typical of what the 
seropositive material should look like.” 


Early Seroconverter 


Sample.—The early seroconverter 
should be a sample early after infection 
but positive by all licensed screening 
assays. In specifying this material, the 
subcommittee did not want to specify a 
material that would be used to charac- 
terize the relative sensitivities of as- 
says. The purpose of the material will be 
to give a measure of laboratory profi- 
ciency, not for comparing assays, thus 
the requirement that it be positive by all 
licensed screening assays. This may 
make it more of a challenge to find the 
sample but that is the requirement that 
is in the document. 

By using a licensed Western blot, the 
sample should show reactivity with p24 
and gp120/160, with no more than a 
trace reactivity of gp41.°° A follow-up 
sample should be obtained within 2 
months of the initial sample, and this 
sample should show progressive sero- 
conversion on the licensed Western 
blot, immunofluorescence, and radioim- 
munoprecipitation. If the follow-up 
sample does show a pattern typical of 
seroprogression, the first sample is 
then acceptable for use in preparing the 
reference material. 

Figure 2, left, shows a typical sero- 
converter sample that would meet the 
specifications in the guidelines.* Lane 13 
is an early seroconverter sample that 
shows p24 and gp120/160 bands on day 
1. The next lane 14 (day 14) shows bands 
at p17 and p24, as well as a more intense 
gp120/160 band. Finally, the last sample 
(day 35) shows a further increase in in- 
tensity of the p17, p24, and gp120/160 
bands. Based on this seroprogression, 
sample 13 would be considered ade- 
quate for the early seroconverter 
sample. 

Late AIDS. —This sample is collected 
from a patient with AIDS as defined by 
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the Centers for Disease Control, Atlan- 
ta, Ga. As with the serocenverter, it 
should be positive by all licensed sereen- 
ing assays. On the licensed Western 
blot, it should show primarily envelope 
reactivity with no more than a trace of 
p24 reactivity. Figure 2, right, shows 
the Western blet pattern of acceptable 
late AIDS samples that show gp41 and 
gp120/160 reactivity in lanes 18 through 
22.’ Typical of late AIDS sera, there is 
only a trace, if any, of p24 reactivity, 


CAP HIV-1 Reference Materials 


As was mentioned in the beginning of 
this article, the NCCLS has been work- 
ing closely with the CAP in an effort to 
make the four reference sera available 
to the public as seon as possible. The 
CAP is putting together two sets of ref- 
erence materials: (1) a sereening set 
which contains the negative end the es- 
tablished seropositive samples and (2) a 
reference set that contains the early 
seroconverter and the late AIDS sam- 
ples (D. Schapp, eral communication, 
July 1989). It is expected that the 
screening set. will be used fairly widely, 
while the reference set will be used pri- 
marily for research purposes. The 
sereening set will have four sample vials 





per set, le, two negative vials and two 
seropositive vials. The reference set, 
because of the difficulty in finding these 
materials, will contain only two vials per 
set, ie, one for the early serocor-verter 
and one for the late ATDS sample. 


CONCLUSION 


We discussed efforts by the WHO, 
PAHO, and NCCLS to prepare HIV-1 
reference materials. WHO has had posi- 
tive and negative reference materials 
available for more than a yesr Al- 
though these WHO materials have been 
available, they have not been widely 
used in the United States. To cample- 
ment the use of these sera, WHO is 
preparing standardized researeh re- 
agents and training materials foruse in 
laboratories worldwide. The PAHO is 
early in its efforts. The PAHO has writ- 
ten preliminary guidelines that recom- 
mend the use of WHO positive stendard 
in preparing each country’s own refer- 
ence standard. Finally, the NCCLS 
HIV-1 Subcommittee has written 
guidelines for the preparation cf four 
HIV-1 reference materials. These in- 
clude negative, seropositive, earls sero- 
converter, and late AIDS sera. This ef- 
fort is novel in that for the firs: time 
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representatives from many of the orga- 
nizations involved in HIV-1 testing in 
the United States came together and 
developed a guideline with wide consen- 
sus agreement. The CAP is working 
rapidly to make these materials 
available. 
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Role of the Microbiology Laboratory 
the Diagnosis of Opportunistic Infections 


in Persons Infected With 
Human Immunodeficiency Virus 


Calvin L. Strand, MD 


è Patients with defects in the im- 
mune system caused by infection 
with human immunodeficiency virus 
are predisposed to a variety of oppor- 
tunistic infections, many of which 
can be diagnosed by conventional or 
special microbiological procedures. 
This article reviews the laboratory di- 
agnosis of bloodstream, lower respi- 
ratory tract, gastrointestional tract, 
and central nervous system infec- 
tions in persons infected with human 
immunodeficiency virus. Laborato- 
ries serving health care facilities in 
which a large number of patients with 
human immunodeficiency virus in- 
fection are cared for should consider 
enhancing the detection of the spe- 
cific pathogens affecting these pa- 
tients by the use of special proce- 
dures, including blood culture 
methods for mycobacteria and fungi, 
examination of induced sputum for 
Pneumocystis carinii, and modified 
acid-fast stains on feces to identify 
Cryptosporidium and Isospora belli. 

{Arch Pathol Lab Med. 1990;114: 
277-283) 


The multiple defects in the normal 
- host immune system caused by in- 
fection with human immunodeficiency 
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virus (HIV) predispose to an increased 
frequency of a variety of opportunistic 
infections caused by bacteria, mycobac- 
teria, fungi, protozoa, and viruses. The 
infecting organisms are generally 
obligate or facultatively intracellular 
parasites capable of causing latent in- 
fections. Many of the infectious compli- 
cations of the acquired immunodeficien- 
ey syndrome (AIDS) are reactivations 
of latent infections acquired in the dis- 
tant past. Frequently, treatment of 
these organisms must be prolonged, of- 
ten for months or even for life. 

The primary immunologic defect in 
these patients is depletion of the T-help- 
er lymphocytes. The occurrence of in- 
fections with certain microorganisms in 
HIV-infected persons signals the devel- 
opment of clinically significant immuno- 
logic dysfunction; the definitive labora- 
tory diagnosis of the opportunistic 
infections discussed herein in patients 
without a known cause of immunodefi- 
ciency (with or without laboratory evi- 
dence of HIV infection) usually sug- 
gests a diagnosis of AIDS. 

B-cell dysfunction is a secondary con- 
sequence of T-helper lymphocyte deple- 
tion; patients with HIV infection fre- 
quently show an impaired ability to 
develop a primary or an anamnestic 
antibody response to challenge with 
new or recall antigens. This defect lim- 
its the usefulness of serologic diagnosis 
in patients with AIDS and also limits 
the efficacy of polysaccharide vaccines, 
such as the pneumococcal vaccine.’ Ta- 
ble 1 lists the predominant infectious 





disease complications of HIV infection 
and their relation to T- and B-cell 
defects, 

In most cases, the laboratory pro- 
cessing of specimens collected from 
HIV-infected individuals is the same as 
for specimens from other patients. 
However, special procedures can en- 
hance detection of certain microorgan- 
isms in the bloodstream, lower respira- 
tory tract, gastrointestional tract, or 
central nervous system when the lab- 
oratory examines specimens submitted 
from HIV-infected patients, taking into 
consideration the pathogens found with 
increased frequency in this group of 
patients. 


BLOODSTREAM INFECTIONS 


The general principles of optimal 
blood culture practice — collecting high- 
volume blood cultures in adults and col- 
lecting two or three bloed cultures per 
septic episode —are just as important in 
HIV-infected patients as in non-HIV- 
infected patients.” Several studies have 
documented that recovery of bacteria 
from blood is related directly to the vol- 
ume of blood cultured; thus, it is recom- 
mended strongly that 20 to 30 mL of 
blood should be collected per culture in 
adults. Even when high-volume blood 
cultures are collected, the number of 
cultures cannot be reduced to fewer 
than two per 24 hours, because some 
bacteremias are intermittent. It is also 
helpful to demonstrate bacteremia in 
more than one culture to confirm the 
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Table 1.—F-eaquent Infectious 
Complications 


infections reflecting T-cell defects 

Parasites. 
Pneumocystis carini 
Toxoplasma gondii 
Crytosporidiur? 
Isospora beli 

Bacteria 
Mycobacterium avium-intraceliulare 
Mycobacterium tuberculosis 
Salmoneila species 
Legionella species 


Nocardia aster vides 

Listerié monoeyiogenes 
Fungi 

Candida albicans 


Cryptococcus eecformans 

Histoplasma capsulatum 

Coccidicides immitis 
Viruses 

Cytomegalovirus 

Herpes simplex 

Varicella zoster 

Papovavirus (20 virus) 

infections reflecting B-cell defects 

Haemophius infieenzae 
Streptococcus preumoniae 





persistence of bacteremia and to ex- 
clude contamination. 

Bacteremia, mrycobaeteremia, and 
fungemia are common in patients with 
HIV infection, especially in those 
with AIDS and AIDS-related complex 
(ARC), The spectrum of organisms re- 
covered from HIV-infected patients is 
significantly different from that seen in 
other types of patients. Whimbey et. al’ 
at Memorial Hospital in New York, NY, 
reported that 49 (14.6%) of 336 patients 
with AIDS seen from January 1980 to 
March 1985 had bloodstream infection 
with Mycobacterium avium—intracel- 
lulare , an organism that is rarely recov- 
ered from other patient groups, and 
that 38 (11.3%) had nonmycobacterial 
bacteremia or fungemia. The most com- 
mon organisms recovered in the latter 
group were Cryptococcus neoformans 
(in 6 patients), Cawdide albicans (in 4), 
Staphylococcus arrens (in 9}, and Sal- 
monella species (in 7). A study from San 
Francisco (Calif) General Hospital’ alse 
reported a high incidence of S aureus 
bacteremia in patients with AIDS and 
ARC. None of these patients had neu- 
tropenia, a recent history of intrave- 
nous drug abuse, ar lymphedema sec- 
ondary to Kaposi's sarcema, suggesting 
the importance of 5 aureus as a patho- 
gen in this patient population, even 
without those factors that predispose to 
staphyloeoceal mfection. Salmonelia- 
infected patients with early AIDS may 


present with bacteremia that relapses 
despite appropriate antibiotic zherapy. 
In the general population, approximate- 
ly 5% of persons with nontyphcidal sal- 
monellosis become bacteremic. In con- 
trast, a review of Salmonella infection 
associated with AIDS showed that 52 
(78%) of 67 patients with AIDS and sal- 
monellosis had bacteremia—15 times 
the frequency in the general popula- 
tion.” 


MYCOBACTERIAL METHODS 


Although there has been evidence of 
mycobacteremia occurring in many 
forms of mycobacterial disease s.nce the 
late 19th century,” laboratory tech- 
niques for the recovery of mycobacteria 
from blood have been little used in re- 
cent years. The dramatic appearance of 
AIDS and the associated bacteremia 
due to M avium-—intracellulare have re- 
newed interest in mycobacterial blood 
cultures; there has also been some evi- 
dence of an association of AIDS and bac- 
teremia due to Mycobacterium. fortui- 
tum, Mycobacterium chelonei, and 
Mycobacterium tuberculosis, although 
M tuberculosis is uncommonly recov- 
ered from blood and is usually identified 
in respiratory secretions or tissue. 

Infection with M avium-intracellu- 
lare is a late complication in many pa- 
tients with AIDS, with a median surviv- 
al from the time of diagnosis of 3 
months.’ Symptoms are often surpris- 
ingly mild, despite bacteremia, and may 
include fever, cramping abcominal 
pain, and diarrhea. Massively enlarged 
mesenteric lymph nodes are often pre- 
sent and may be palpable. Blood cul- 
tures are the most sensitive diagnostic 
procedure and are positive in nearly all 
cases. 

Procedures designed specifically for 
mycobacteria are necessary to maxi- 
mize recovery of these organisms from 
the blood. Two methods have proved 
particularly effective: the Isolator lysis- 
centrifugation system and the Bactec 
radiometric method. Macher et al used 
the Isolator system to prepare a concen- 
trate from the blood specimen, which 
was inoculated into Lowenste:n-Jen- 
sen, Middlebrook 7H10, and Sabour- 
aud’s agar media. Positive cultures 
were detected after 14 to 51 cays of 
incubation. Direct inoculation of a radio- 
labeled Middlebrook medium (13A) that 
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is tested on the Bactee 460 has recently 
been introduced. Strand et al’ compared 
the overall sensitivity and time to detec- 
tion of the Bactec 13A medium and wa- 
ter lysis-centrifugation. Recovery rates 
were 96.9% and 98.5%, and the mean 
times to detection were essentially the 
same (23.6 and 23.8 days), but the direct 
inoculation method avoids the time-con- 
suming manual manipulations required 
by lysis-centrifugation. 


FUNGAL METHODS 


Although fungemia is quite common 
in HIV-infected patients, many blood 
culture procedures lack sensitivity for 
recovering these organisms; thus, nega- 
tive blood cultures may not rule out dis- 
seminated candidiasis, cryptococcosis, 
or other mycotic diseases. Cumitech 
1A: Blood Cultures LP recommends the 
following three procedures for fungal 
blood cultures: (1) brain-heart infusion 
broth or a biphasic brain-heart infusion 
medium system; (2) the Bactec radio- 
metric system (however, routine blind 
subcultures are necessary); and (3) the 
Isolator lysis-centrifugation method. 
The latter is generally considered opti- 
mal. Between 1983 and 1985, 10 stud- 
ies" compared the Isolator method with 
different broth and biphasic media 
blood culture systems. In 5 of these 
studies, the Isolator method showed 
significantly increased recovery of fun- 
gi; no difference was found in the re- 
mainder. One of the latter reports” com- 
pared Isolator and Bactec, the most 
widely used blood-culture system, and 
found Isolator to be superior in the re- 
covery of the yeasts Cryptococcus, 
Rhodotorula, and Torulopsis. Ten of 14 
isolates of Cryptococcus species were 
recovered only by the Isolator method, 
compared with the Bactec aerobic and 
anaerobic radiometric media (P<.01). 
Since Cryptococcus is a relatively com- 
mon pathogen in HIV-infected patients, 
the Isolator system is recommended for 
fungal blood cultures in this patient 
population. 

Since certain microorganisms cause 
biftedstentm infections 
in HIV-infected patients than in other 
types of patients, laboratories that 
serve large numbers of HIV-infected 
patients should employ blood culture 
procedures that are effective in recov- 
ering these organisms. These laborato- 
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ries might offer a general blood culture 
procedure designed to recover the ma- 
jority of bacteria and yeasts to meet 
most blood culturing needs, as well as 
special blood culture methods for pa- 
tients suspected of having bloodstream 
infections with mycobacteria or fungi 
(Table 2). The Isolator system can effi- 
ciently recover most ordinary bacteria, 
as well as mycobacteria and fungi, and is 
an excellent system to employ in HIV- 
infected patients. However, because 
the Isolator method shows poor recov- 
ery of anaerobes and streptococci," it 
should not be used alone but should be 
combined with a nonvented broth bot- 
tle, which will effectively recover the 
latter two organism groups. 


LOWER RESPIRATORY 
TRACT INFECTIONS 


Table 3 shows the pulmonary infec- 
tions that may occur in HIV infection. 
There is an increased incidence of bacte- 
rial pneumonia in HIV-seropositive in- 
dividuals; in patients with AIDS these 
pneumonias are commonly caused by 
Streptococcus pneumoniae, Haemophi- 
lus influenzae, and S aureus.” Pyogen- 
ic bacterial pneumonias caused by S 
pneumoniae or H influenzae may be 
patchy or diffuse on chest roentgeno- 
grams and indistinguishable from 
Pneumocystis carinii or cytomegalovi- 
rus pneumonitis. Simultaneous infec- 
tions with P carinii and bacteria or oth- 
er organisms are not uncommon. If 
patients with HIV infection or members 
of high-risk groups present with clinical 
findings suggestive of a pyogenic lower 
respiratory tract infection (respiratory 
symptoms and/or an abnormal chest 
roentgenogram showing lobar consoli- 
dation), a sputum specimen should be 
examined by Gram’s stain and culture, 
and two or three blood cultures should 
be collected. The latter procedure is 
particularly important because the fre- 
quency of bacteremia in HIV-infected 
patients with bacterial pneumonia is 
high. If these specimens are negative 
for pyogenic bacteria, then diagnostic 
strategy should be targeted to P car- 
inii, which is by far the most. common 
serious infectious disease in HIV-infect- 
ed individuals. 

The laboratory diagnosis of P carinii 
pneumonia is extremely important in 
HIV infection, since this treatable dis- 


Arch Pathol Lab Med— Vol 114, March 1990 


Table 2.—-Blood Culture Techniques 


General (routine) blood culture 
Broth culture with visual inspection and 
early blind subculture 
Broth culture with visual inspection and 
carbon dioxide detection 
Lysis-centrifugation (Isolator?) and non- 
vented broth 
Other systems 
Fungal blood culture 
Lysis-centrifugation (isolator) (this is opti- 
mal method) 
Biphasic brain-heart infusion medium 
Carbon dioxide detection method (blind 
subculture is necessary) 
Mycobacterial blood culture 
Lysis-centrifugation (Isolator) 
Carbon dioxide detection using Bactec 
13A broth 


* isolator is used as general blood culture 
method, a nonvented broth medium must be included 
for each blood culture, because Isolator alone is a 
suboptimal method for recovery of anaerobes and 
streptococci. 






















ease is the presenting manifestation in 
60% of patients with AIDS, and more 
than 80% of them will develop it at some 
time during their clinical course." There 
is a high frequency of relapse; 20% to 
30% of patients will have a second epi- 
sode, and three or even more episodes 
may occur. Characteristically, P carinii 
pneumonia presents with progressive 
shortness of breath, cough (often not 
prominent), and fever, and the chest 
roentgenogram shows bilateral intersti- 
tial-alveolar infiltrates. Presentation is 
often atypical in HIV-infected patients, 
and a very high index of suspicion is 
required. For example, chest roentgen- 
ograms are often normal or nearly nor- 
mal, and atypical presentations include 
nodular disease, cavitary disease, and 
pneumothorax. Diagnosis may be diffi- 
cult in patients receiving aerosol penta- 
midine prophylaxis, who may have a 
modified illness with only upper lobe 
involvement. 

Laboratory diagnosis depends on the 
demonstration of the characteristic 
cysts and/or trophozoites in respiratory 
secretions or in pulmonary tissue ob- 
tained by biopsy. Although bronchosco- 
py with bronchoalveolar lavage and bi- 
opsy—the method most frequently 
employed to establish the diagnosis— 
has been found to be a safe and sensitive 
procedure, there is the potential for 
complications and the procedure is rela- 
tively costly. 

Examination of ordinary expectorat- 
ed sputum is not useful for diagnosis of 
phneumocystosis, and before the advent 
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Table 3.—Pulmenary Infections 


Pneumocystis carinii pneumonia 
Bacterial pneumonia 
Streptococcus pneumoniae 
Haemophilus influenzae 
Staphylococcus aureus 
Cryptococcosis 
Disseminated Mycobacterium avium complex 
or Mycobacterium kansasii* 
Tuberculosis 
Cytomegalovirus pneumonia 
Toxoplasmosis 
Strongyloidiasis 
Bronchopulmonary candidiasis 
Disseminated histoplasmosis * 
Disseminated coccidiowomycasis * 
Herpes simplex pneumonia 
Cryptosporidiosis 
* Disseminated at a site other than, or in addition to.. 
lungs and cervical or hilar iymph nodes. 





















of AIDS, P carinii pneumonia was rare- 
ly diagnosed by sputum examination. In 
a retrospective review of 194 cases of P 
carinii pneumonia in patients without 
AIDS diagnosed between 1969 and 
1972, it was estimated that the diagnos- 
tic yield for sputum was 6%." However, 
in 1986 two important studies*” were 
published showing that P carinii can be 
detected in 50% to 50% of infected pa- 
tients with AIDS by methenamine-sil- 
ver or Giemsa-type staining of sputum 
induced by an aerosol of hypertonic 
saline. 

The induced sputum is mucolysed, 
concentrated by centrifugation, and 
stained by a rapid modified Giemsa 
stain. When induced sputum was the 
first diagnostic specimen examined in 
404 episodes of suspected HI V-associat- 
ed pulmonary disease in 358 patients, P 
carini was found by this method in 222 
(55%) of specimens. The range of sensi- 
tivity for detection of P carinii in in- 
duced sputum was 74% to 77%, with a 
negative predictive value of 58% to 
64%." To achieve this relatively high 
sensitivity, the procedure for sputum 
induction and processing must be care- 
fully followed.” This induced sputum 
examination approach minimizes pa- 
tient discomfort and reduces cost by 
limiting the number of bronchoscopies 
performed to those patients whose in- 
duced sputum examinations do not 
show P carinii. An algorithm for the 
diagnosis of pulmonary infections in 
HIV-infected patieats has been devel- 
oped and is now in use at San Francisco 
General Hospital.” However, the yield 
of mycobacteria and fungi from cultur- 
ing induced sputum specimens was low 














compared with that from bronchoalveo- 
lar lavage specimens. It is not known 
whether these differences will be seen 
in other patient groups, particularly in 
populations with a high incidence of pul- 
monary tuberculosis. 

The ability to detect P carinii is even 
better when indirect immunofluores- 
cence with mencclonal antibodies is 
used. In one institution,” ammunofluo- 
rescence detected 45 (92%) of 49 cases of 
P carinii pneumonia, whereas Diff- 
Quik and toluidine blue stains detected 
of (76%) and 39 (80%) cases, respective- 
ly. The increased sensitivity of immuno- 
fluorescence with monoclonal antibod- 
ies is probably velated to both the 
improved screening efficiency attained 
with fluorescence microscopy and the 
high specificity of immanofluorescence 
staining. However, compared with tolu- 
idine blue staining, imnaunofluores- 
cence does not show increased sensitiv- 
ity in detecting P carini in 
bronchoalveolar lavage speamens. 

Physicians must be prudent in select- 
ing patients truly at risk fer P carina 
pneumonia for induced sputum exami- 
nation. The highest yield will be ob- 
tained for patients at risk for infection 
with HIV who present with a nonpro- 
ductive cough and a chest roentgeno- 
gram showing diffuse interstitial mark- 
ings. Induced sputum examination will 
have little value in patients with a puru- 
lent sputum specimen and a chest roent- 
genogram showing classic iobar pneu- 
monia. In addition, other pulmonary 
infectious agents cannot be evaluated 
adequately by examination of induced 
sputum. If a sputum specimen is nega- 
tive for P carinii or if a patient positive 
for P carinii detected by induced spu- 
tum examination respends poorly to 
therapy, bronchoscopy with biopsy and 
bronchoalveolar levage should be 
strongly considered to assess the possi- 
ble presence of other infections (or 
neoplasms). 

Data from the National Heart, Lung 
and Blood Institute Werkshop on the 
Pulmonary Complications of AIDS" and 
from San Francisco General Hospital” 
have shown that bronchoscopic proce- 
dures are very useful for detecting oth- 
er opportunistic mfections besides P 
carinii, especially when brenchoalveo- 
lar lavage and transbronehial biopsy are 
combined and when cultures for bacte- 








ria, mycobacteria, fungi, and viruses 
are performed. The San Francisco 
study showed that when the detection 
or recovery rates for bronchoalveolar 
lavage and transbronchial biopsy were 
considered together, the yield for all 173 
pathogens in 171 patients was 98%. 
The organisms identified incladed P 
carinti, M avium-intracellulare, C 
neoformans, M tuberculosis, Cocei- 
dioides immitis, and Histoplasria cap- 
sulatum. The sensitivity of bronchoal- 
veolar lavage alone was higher than that 
of transbronchial lung biopsy alone ex- 
cept for the detection of C neoformans 
and P carinii. For the diagnos:s of M 
avium—intracellulare, bronchoalveolar 
lavage was especially valuable, al- 
though the significance of finding this 
organism in the lung is not fully under- 
stood. Likewise, isolation of cytemega- 
lovirus from bronchoalveolar lavage flu- 
id or transbronchial lung biopsy 
specimen may not be indicative of pneu- 
monia caused by this organism. Many 
patients who have pulmonary disease 
and cytomegalovirus isolated from their 
lungs have concurrent infection with 
other microorganisms, especially P car- 
inii. The diagnosis of cytomega ovirus 
pneumonia is probably best mace by a 
positive culture from lung tissue or 
bronchoalveolar lavage and the pres- 
ence of pathognomonie cells with mtran- 
uclear inclusion bodies in tissue or cyto- 
logical preparations. In one study” 
bronchoscopy yielded the diagnosis of 
cytomegalovirus pulmonary infection in 
only 55% of autopsy-proved cases. In 
that series, postmortem exammation 
showed diffuse cytomegalovirus lung 
infection in seven patients, but oaly fo- 
cal infection in three others. Cytomega- 
lovirus infection was missed by bron- 
choscopy in all of the cases showing only 
focal involvement. 

From 1953 through 1984, the total 
number of cases of tuberculosis report- 
ed in the United States decreased by 
73.6%. This decades-long pattern halt- 
ed in 1985 and reversed in 1986, with the 
first increase (2.6%) in the numser of 
indigenous tuberculosis since netional 
reporting began.” The failure of the tu- 
berculosis rate in the United States to 
continue its long pattern of decline ap- 
pears at least partially attributable to 
HIV. 

Increases in the number of cases of 
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tuberculosis have been largely limited 
to the demographic groups among 
which the large majority of AIDS cases 
have also occurred. For example, in 
New York City, 4% of patients with 
AIDS had a history of tuberculosis, and 
in Florida, 10% of patients with AIDS 
had a history of tuberculosis. Tubercu- 
losis preceding the diagnosis of AIDS in 
a large proportion of cases suggests that 
an HIV-induced immune deficiency that 
is not severe enough to cause the oppor- 
tunistic diseases that constitute the ma- 
jority of AIDS complications may allow 
preexisting tuberculosis infection to 
progress to clinical tuberculosis. Of 
course, factors other than HIV infec- 
tion, such as poverty, homelessness, 
and immigration from countries with 
high tuberculosis prevalence, also con- 
tribute to the trend reversal of 
tuberculosis. 

The speed of both detection and iden- 
tification of M tuberculosis and M 
avium-intracellulare has advanced in 
the last decade. Using conventional iso- 
lation methods, Peterson et al” report- 
ed that the average detection time was 
21 days for M tuberculosis and 28 days 
for M avium-—intracellulare. The radio- 
metric Bactec system has greatly re- 
duced this detection time, especially for 
M avium-intracellulare species, for 
which positive cultures can be detected 
on the average in 7 to 8 days. However, 
once detected, these isolates can take up 
to 4 to 6 weeks for final identification by 
standard biochemical methods. Nucleic 
acid hybridization employing commer- 
cially available DNA probes that are 
complementary to ribosomal RNA 
(Gen-Probe, San Diego, Calif) can re- 
duce identification of M tuberculosis 
and M avium—intracellulare to 2-hour 
liquid hybridization. 


GASTROINTESTIONAL INFECTIONS 


Infections of the gastrointestional 
tract, although usually not life-threat- 
ening, cause significant morbidity in 
HIV-infected patients. 

Candidal oropharyngitis (thrush) oc- 
curs in 80% to 90% of patients with 
AIDS and ARC.” However, dissemi- 
nated candidiasis is rare, even at au- 
topsy. Relatively normal neutrophil 
function probably prevents the dissemi- 
nation of Candida, even as the defective 
T-cell function predisposes to mucosal 
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candidiasis. In some studies, oral 
thrush is the most frequent opportunis- 
tic infection in patients with AIDS. In 
one study, half of 18 individuals at risk 
for AIDS who developed oral candidia- 
sis were diagnosed as having AIDS 
within a median time of 3 months. Pa- 
tients who have oral thrush are also at 
particularly high risk for P carinii pneu- 
monia, and patients with ARC who have 
oral thrush are at risk of developing 
bacterial pneumonias due to S pneu- 
moniae or H influenzae.” The laborato- 
ry diagnosis of oral candidiasis is made 
by finding blastospores and pseudohy- 
phae in smears prepared from typical 
plaques in the mouth and throat. Be- 
cause Candida species can be recovered 
from the oral cavity of norma: persons, 
cultures are not useful for the diagnosis. 

Esophagitis in HIV-infected patients 
can be caused by Candida (14% of pa- 
tients with AIDS), cytomegalovirus, 
and herpes simplex virus.” These enti- 
ties are indistinguishable on clinical and 
radiological grounds, but a specific diag- 
nosis can be made by endoscopy with 
histologic examination or viral culture 
of a biopsy specimen. Since specific 
therapy differs for each infectious 
agent, definitive diagnosis is important. 

Enterocolitis (or enteritis or colitis) 
with diarrhea is a major cause of mor- 
bidity in patients with AIDS and is seen 
in 50% to 60% of patients with AIDS in 
the United States and in at least 95% of 
those in Africa or Haiti.” In many HIV- 
infected persons, diarrhea is associated 
with fever, malaise, and marked weight 
loss, which can be severely disabling 
and even fatal. Many HIV-infected ho- 
mosexuals are predisposed to enteric 
infections as well as to traditional sexu- 
ally transmitted diseases. Pathogenic 
gastrointestinal protozoa, bacteria, and 
viruses are much more common in ho- 
mosexual and bisexual men than in the 
general population. An intensive Na- 
tional Institutes of Health study” found 
one or more gastrointestinal pathogens 
in 17 of 20 male homosexual patients 
with AIDS who had diarrhea; 8 of the 17 
had two or more microbial agents. The 
most frequent identified potential 
pathogens were cytomegalovirus (in 9 
patients), Entamoeba histolytica (in 5), 
Cryptosporidium (in 3), Salmonelia ty- 
phimurium (in 3), and Giardia lamblia 
(in 3). Campylobacter jeyuni, Shigella 
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flexneri, M avium-intracellulare, and 
herpes simplex virus were each seen in 1 
or 2 patients. No intestinal pathogen 
was identified in 3 of the 20 patients. In 
contrast, pathogens were identified in 
only 1 of 10 patients with AIDS who did 
not have diarrhea, suggesting that the 
enteric pathogens in the symptomatic 
patients contributed to their diarrhea. 

A study of diarrhea in 179 HIV-anti- 
body—positive patients (49 with AIDS) 
at St Stephen’s Hospital in London, En- 
gland,” found potential microbial patho- 
gens in 38.5%. This result contrasts 
with the National Institutes of Health 
study” in which gastrointestinal patho- 
gens (including cytomegalovirus) were 
identified in 17 (85%) of 20 patients with 
AIDS who had diarrhea. There are 
probably two reasons for this disparity: 
(1) The National Institutes of Health 
study used a more exhaustive diagnos- 
tic evaluation protocol (including endo- 
scopic biopsies of duodenal and colonic 
mucosa and virus cell cultures) than did 
the London investigation, and (2) the 
patients in the National Institutes of 
Health study all had AIDS and thus 
were more immunologically suppressed 
than the patients in the St Stephen's 
Hospital study, only 27.4% of whom had 
AIDS. 

Recurrent or relapsing Salmonella 
infection, often associated with bacter- 
emia, has been described in patients 
with AIDS,’” and chronic Shigella in- 
fection, persisting for almost 1 year, has 
been reported” in an HIV-infected ho- 
mosexual man who subsequently devel- 
oped AIDS. A few cases of S flexneri 
bacteremia have also been reported in 
patients with AIDS. A large number of 
pathogens, including classic protozoa 
(such as Giardia and Entamoeba), un- 
usual protozoa (such as Cryptospor- 
dium and Isospora), and enteric bacte- 
ria (such as Salmonella species, 
Shigella species, and C jejuni), have 
been detected in the intestinal tracts of 
these patients. Also, viruses, fungi, and 


helminths, as well as various noninfec- 


tions diseases, can cause diarrhea in pa- 
tients with AIDS. It is apparent that 
the number of agents capable of causing 
serious enteric infection in patients with 
AIDS has been expanding as experi- 
ence with this disease increases. Table 4 
lists the common infectious causes of 
diarrhea in patients with HIV infection. 


Tabie 4.— Agents, Causing Diarrhea in 
Acquired immunodeficiency Syndrome 
(AIDS) 


Bacteria 
Salmonella species 
Shigella species 
Campylobacter species 
Neisseria gonorrhoeae” 
Mycobacterium avium- intraceilulare 
Chlamydia trachomats* 
Treponema pallidium™ 
Protozoa 
Entamoeba histolytice 
Giardia lamblia 
Cryptosporidium 
lsospora belli 
Microsporidium (diagnosis ay electron mi- 
croscopy) 
Viruses 
Cytomegalovirus 
Herpes simplex * 
AiDS-associated enteropathy 
Fungi 
Candida albicans 





* Causes anorectal disease. 


The laboratory approach to identify- 
ing most intestinal infections in HIV- 
infected individuals is to use standard 
fecal examination procedures. For ex- 
ample, for fecal parasitic examination,” 
collect three separate stool specimens 
on different days in two vials containing 
preservative; one containing formalde- 
hyde solution; and one, polyvinyl aleo- 
hol fixative. A permanent stain, pre- 
pared from the polyvinyl alcohol 
preservative, is frequertly important 
for the detection and correct identifica- 
tion of intestinal protozoa and is recom- 
mended for every stool sample submit- 
ted for examination for parasites. 
Standard procedures for laboratory di- 
agnosis of bacterial diarrhea” should be 
followed with fecal specimens cultured 
for Salmonelia, Shigella, and C jejuni. 

Of course, there are special proce- 
dures that are appropriate in examining 
fecal specimens for specific parasites 
that may be present in HIV infection, 
eg, the coccidian crganisms Crypto- 
sporidium and Isospora selli. These or- 
ganisms are detected in the microbiolo- 
gy laboratory by identification of the 
oocyst stage of the parasite in feces. 
Oocysts are usually identified by acid- 
fast staining of fecal smears or concen- 
trates with carbolfuchsin (cold Kinyoun 
or Ziehl-Neelsen stain), by fluorescence 
staining with auramine-rhodamine, by 
oocyst flotation on Sheather’s sucrose 
solution, or by immunofluorescence de- 
tection of the oocysts. It is important to 
recognize that during the routine fecal 
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parasite microscopic examination of the 
iodine stain of material preserved in 
formaldehyde solution, the observation 
of round, colorless, refractile structures 
4 to 5 um in size is suggestive of Crypto- 
sporidium. An acid-fast tor alternative 
Cryptosporidiwm stain) smear should 
be performed on these specimens and in 
the majority of specimens will confirm 
the presence of Cryptosporidium. Gar- 
cia et al“ compared 15 methods (not in- 
cluding immunofhierescence) of oocyst 
detection and concluded that modified 
(hot) Ziehl-Neelsen staining of stool 
preserved in 1)% formaldehyde solu- 
tion was superior to the other methods. 
However, Garcia et alë later studied 
detection of Cryptosporidium oocysts 
in 99 positive human feces specimens by 
immunofluoreseence using monoclonal 
antibodies and found the method to be 
both extremely sensitive and specific. 
Seven specimens previously negative 
by the hot modified acid-fast technique 
were positive by the monoclonal immu- 
nofluorescence procedure; these speci- 
mens had low nurebers of organisms. 
This ability to detect low numbers of 
organisms may become more important 
when drugs tha: are effective in treat- 
ing cryptosporidic! enteritis are devel- 
oped. An advantage of the immunofluo- 
rescence method, in addition to 
sensitivity, is tnat slides can be 
sereened in considerably less time with 
the technique, which eculd significantly 
reduce labor costs. The immunofluores- 
cence reagents are available commer- 
cially (Meridian Diagnostics Ine, Cin- 
cinnati, Ohio). 
CENTRAL NERVOUS SYSTEM 
INFECTIONS 


Neurologic symotoms occur in up to 
two thirds of all patients with AIDS 
during their lifetime, and most of these 
neurologic complications are secondary 
to infection of the brain or meninges.” 
Table 5 shows that the infectious causes 
of central nerveus systern disease in 
AIDS can be caused by viruses (inelud- 
ing HIV), protozoa (particularly Toxo- 
plasma gondii), fungi (especially C neo- 
formans), bacteria. and mycobacteria, 

The HIV-indueec diseases and other 
viral diseases may show a cerebrospinal 
fluid (CSF) monenuclear pleocytosis 
and elevated protein level. Aseptic 
meningitis occurs in 5% to 10% of pa- 
tients with AIDS, and HIV encepalo- 





HIV induced 
Aseptic meningitis 
HIV encephalopathy 
Other 

Other viral related 





Nonviral related 
Protozéa 


Acanthamoeba (very rarely) 
Fungi 


Bacteria (rarely) 
Listeria (meningitis, abscess) 
Nocardia (abscess) 
Escherichia coli (meningitis) 


Mycobacteria 


Table 5.—~Neurologic Infectious Complications 
in Acquired Immunodeficiency Syndrome’ 


CMY (encephalitis, retinitis, cranial neuropathy, progressive polyradiculopathy) 
Herpes zoster virus (encephalitis, cranial neuropathy, myelitis, radiculitis) 
Herpes simplex type | (encephalitis, cranial neuropathy) 

Herpes simplex type li (encephalitis, cranial neuropathy, myelitis, radiculitis) 
Papovavirus (JC virus, progressive multifocal leukoencephalopathy) 


Toxoplasma gondii (cerebral abscess, encephalitis) 
Crytococcus neoformans (meningitis, cryptococcoma) 


Other (Candida, Aspergillus, Coccioioides, Histoplasma) (rarely) 


Treponema pallidum (neurosyphilis) 


Mycobacterium tuberculosis (abscess, meningitis) 
Mycobacterium avium-intracellulare (encephalitis, meningitis) 




































* HIV indicates human immunodeficiency virus; CMV, cytomegalovirus. 


pathy (or AIDS dementia) occurs in 65% 
or more of patients with AIDS.” How- 
ever, the diagnosis of these viral dis- 
eases is primarily clinical, and no specif- 
ic microbiological diagnosis is possible 
unless viral isolation, which is unusual, 
or molecular biology techniques, which 
are currently not widely available, are 
used. 

Toxoplasma gondii is among the 
most prevalent causes of latent infec- 
tions of the central nervous system 
throughout the world. Toxoplasma is a 
genus of protozoa that exist in three 
forms: proliferative (tachyzoite), tissue 
cyst, and ooeyst. Only tachyzoites and 
cysts are found in humans, who are inci- 
dental hosts; however, each of the three 
forms is potentially infectious for hu- 
mans. Whereas normal host immunity 
is sufficient to contain the latent infec- 
tion (cyst form) and thereby limit dis- 
ease, immunocompromised patients, 
such as those with AIDS, are at risk for 
reactivation and dissemination of a pre- 
viously quiescent infection. 

Cerebral toxoplasmosis is an impor- 
tant disease in AIDS, affecting 14% of 
homosexuals with the disease; it is the 
most common cause of focal intracere- 
bral lesions in patients with AIDS.” Pa- 
tients with AIDS who have previously 
been infected are at considerable risk 
for development. of toxoplasmosis; at 
least 30% of patients with AIDS who are 
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seropositive for T gondii will ultimately 
develop toxoplasmosis, but only 1% to 
3% of patients with AIDS who are ser- 
onegative will develop this disease.” 
Definitive diagnosis of toxoplasmic 
encephalitis can be made only by dem- 
onstration of the organism in brain tis- 
sue. However, because of the undesir- 
ability of brain biopsies, the vast 
majority of cases in the United States 
are presumptively diagnosed by neur- 
oradiological studies, usually after the 
initial diagnosis of AIDS has been made. 
Wright-Giemsa stain of a cytocentri- 
fuge preparation of a CSF specimen ob- 
tained from a patient with HIV infection 
may demonstrate tachyzoites.” 
Serologic testing for T gondii is gen- 
erally not useful in demonstrating a ti- 
ter rise, because this occurs infrequent- 
ly in AIDS; however, it is very valuable 
in predicting which patients are at risk 
for development of toxoplasmosis, and 
the absence of antibody in patients with 
AIDS who have intracerebral mass le- 
sions is strong evidence against the di- 
agnosis of toxoplasmic encephalitis. 
Thus, the serologic status should be de- 
termined in all HIV-infected patients at 
the beginning of their infection, when 
they are asymptomatic, as well as in 
those with ARC and AIDS. 
Cryptocoecal infection, usually pre- 
senting with headache and fever, occurs 
in up to 11% of patients with AIDS, 
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usually in the form of cryptococcal men- 
ingitis."” Cerebrospinal fluid pleocytosis 
may be minimal in patients with AIDS 
and cryptococcal meningitis; 69% of pa- 
tients may have less than 20 leukocytes 
per cubic millimeter. Cerebrospinal flu- 
id should be examined in the laboratory 
for cryptococcal antigen (positive in 
100%), India ink stain (positive in 82%), 
and fungal culture (positive in 100%). 
Isolation of C neoformans from CSF, 
blood (Isolator is the optimal method), 
and other specimens is essential for de- 
finitive diagnosis. The latex agglutina- 
tion test for detection of cryptococcal 
polysaccharide antigen is a very sensi- 
tive, rapid test that can be performed on 
specimens of serum, CSF, urine, and 
body fluids. A positive titer indicates 
the presence of disease activity, even in 
patients who are minimally symptomat- 
ic. However, a prozone reaction has 
been observed to produce falsely nega- 
tive results at low dilutions. Cerebro- 
spinal fluid antigen titers usually fall 
with therapy; however, CSF titers per- 
sisting above 1:8 have been associated 
with relapse. Titers greater than 1:1000 
are associated with a poor outcome.” If 
an intracerebral eryptococcoma is pre- 
sent with no associated meningitis, the 
cryptococcal antigen, India ink stain, 
and fungus culture will probably be 
negative. 

Mycobacterium tuberculosis involve- 
ment of the central nervous system has 
been described in patients with AIDS 
and ARC who are intravenous drug 
abusers or Haitians.” Patients may pre- 
sent with meningitis or focal cerebral 
lesions (tuberculomas). The latter have 
been reported in a series of eight intra- 
venous drug users with ARC.” The di- 
agnosis was confirmed only by brain 
biopsy. Central nervous system infec- 
tions with M avium—intracellulare are 
rare, 

Bacterial infections of the central ner- 
vous system are rare in AIDS. Several 
eases of Listeria monocytogenes menin- 
gitis (one involving a brain abscess) 
have been reported.” Neurosyphilis 
was described in 1 of 186 patients with 
HIV infection in a Johns Hopkins se- 
ries.” 
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$ Human immunodeficiency virus 
infection and the complications of 
the acquired immunodeficiency syn- 
drome produce a broad spectrum of 
lesions affecting all organs and tis- 
sues. They are caused by uncommon 
etiologic agents and characterized by 
unusual location, multiplicity, rapid 
progression, and tendency to gener- 
alization. Cellular reactions are ineffi- 
cient and histologic appearances fre- 
guertly atypical. Tissue biopsy, most 
often endoscopic, with microscopic 
examination, is the method predomi- 
nantly used for achieving the re- 
quired rapid, definitive ciagnosis. 
This article reviews the lesions com- 
monly seen in biopsy specimens of 
human immunodeficiency virus in- 
fection and acquired immunodefi- 
ciency disease syndrome, their char- 
acteristic histologic features, and 
their differential diagnosis. 
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he first cases of unusual opportu- 

nistic infections in homosexual men 
were reported by the Centers for Dis- 
ease Control, Atlanta, Ga, inJune 1981. 
In the 9 years since then, we have 
learned that an infection with a newly 
recognized retrovirus is able to ander- 
mine irreversibly the cellular immune 
system, causing a severe syndrome of 
immune deficiency that leaves the or- 
ganism unprotected against a host of 
infectious and oncogenic agents. Most of 
these pathogens, although common in 
the environment, are rarely the cause of 
disease in the immune-competert gen- 
eral population. In the immune-defi- 
cient individuals, however, the oppor- 
tunistice microorganisms roduce 
diseases characterized by severe symp- 
toms, high aggressiveness, tendency to 
generalization, resistance to treatment, 
and short survival. The pathology of dis- 
eases associated with the acquired im- 
munodeficiency syndrome (AIDS) rep- 
resent a broad spectrum of lesions 
affecting all tissues and organs. The 
great variety of uncemmon clinical man- 
ifestations is well documented in the re- 
cent medical literature, and the virtual- 
ly new field of pathology of human 
immunodeficiency virus (HIV) infection 
and AIDS has been extensively de- 
scribed and illustrated.” The knowl- 
edge of it is indispensable for the identi- 
fication and evaluation of pathologic 
changes associated with the HIV infec- 
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tion and with the complications of 
AIDS. 

The impact of the AIDS epidemic on 
practicing pathologists has been consid- 
erable both in the volume and in the 
novelty of pathologic material. In keep- 
ing with the theme of this conference, in 
this article the AIDS-associated lesions 
will be considered from a diagnostic 
point of view. Therefore, the pathologic 
changes will be reviewed not by disease 
entities but by the organ systems affect- 
ed. The biopsy material of various or- 
gans as generally obtained in the labora- 
tory will be considered, the diagnostic 
techniques will be indicated, and the 
differential diagnosis will be discussed. 


LYMPH NODE BIOPSIES 


The lymph nodes are affected by the 
initial HIV infection as well as by most 
of the later opportunistic complications 
of AIDS. Because of this unique situa- 
tion, lymph nodes are one of the organs 
most commonly subjected to biopsy in 
the population at risk for AIDS. In the 
course of progressive generalized lym- 
phadenopathy, biopsy of enlarged 
lymph nodes is performed to confirm the 
diagnosis of HIV infection, to obtain 
prognostic indications, and to rule out 
the presence of lymphoma. In the 
course of AIDS, a lymph node biopsy 
may elucidate the cause of a lymphaden- 
opathy or provide the etiologic diagno- 
sis of a systemic disease. 
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The lymph node infection with HIV 
resulting in clinical progressive gener- 
alized lymphadenopathy is expressed 
by characteristic, although nonspecific, 
histologic patterns. Three major his- 
tologic patterns have been described, 
and correlations with the progression of 
immune deficiency and the clinical 
course have been established.*”” 

Pattern A generally shows features 
consistent with an acute lymphadenitis 
of viral origin (Figs 1 and 2). These fea- 
tures include enlarged, coalescing lym- 
phoid follicles taking serpiginous or 
hourglass shapes. The follicles include 
markedly hyperplastic germinal cen- 
ters with extensive cytolysis, phagocy- 
tosis of nuclear debris by tingible body 
histiocytes, and cellular regeneration 
with numerous cells in mitosis. The den- 
dritic cell network is disrupted, and 
small, mantle lymphocytes may pene- 
trate into the follicles. There are multi- 
ple focal hemorrhages and aggregates 
of transformed monocytoid B lympho- 
cytes located next to blood vessels and 
sinuses. There are also clusters of poly- 
morphonuclear neutrophils within the 
sinuses or associated with the monocyt- 
oid cells. Finally, there are scattered 
multinucleated giant cells of Warthin- 
Finkeldy type characterized by a grape- 
like cluster of overlapping nuclei. 

Pattern B is intermediate between 
patterns A and C and includes features 
of both. It is characterized by the efface- 
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ment of follicles and the partial involu- 
tion of germinal centers. There is deple- 
tion of lymphocytes, accumulation of 
plasma cells, and excessive prolifera- 
tion of blood vessels in and around the 
lymphoid follicles. These features are 
suggestive of subacute lymphadenitis 
or an intermediate phase in the progres- 
sion of the HIV infection. 

Pattern C shows lymph nodes with 
atrophic, burned-out follicles and exten- 
sive, diffuse vascular proliferation (Fig 
3). The follicles are small and depleted of 
lymphocytes, often with a central, pen- 
etrating arteriole, surrounded by de- 
posits of periodic acid—Schiff—positive 
material. In later stages, the follicles 
are inconspicuous and focally hyalin- 
ized. The interfollicular cortex shows 
marked loss of lymphocytes and exces- 
sive vascularization. There are also fre- 
quent plasma cells and diffuse fibrosis. 
The appearance is that of chronic 
lymphadenitis characterized by follicu- 
lar atrophy, extensive angiogenesis, 
and fibrosis as previously described. "° 
The course of progressive generalized 
lymphadenopathy is variable and clini- 
cally unpredictable. Presently, the 
most reliable prognostic indicator in 
HIV-infected patients is the total 
amount of T-helper cells and the T-hel- 
per/T-suppressor cell ratio. Recent 
studies have shown that additional 
prognostic indications can be obtained 
from the histologic findings of lymph 


nodes of progressive generalized lym- 
phadenopathy, which show a remark- 
ably good correlation with the general 
course of the disease.” Pattern A has 
the best prognosis, with patients being 
in a stationary phase sometimes for a 
long time. Pattern C, in contrast, is as- 
sociated with the worst prognosis. Pa- 
tients with the C pattern of lymph node 
lesions have the shortest intervals of 
progression to AIDS, the most severe 
and least curable complications, and 
generally the shortest survivals.” Pat- 
tern B seems to represent an intermedi- 
ate, possibly transitional stage of pro- 
gression. The pathogenesis of these 
lymph node lesions is net well under- 
stood. The major changes observed in 
pattern C, ie, the involution of lymphoid 
follicles with the fibrosis of the germinal 
centers and the excessive vascular pro- 
liferation, are similar to those seen in 
other types of immune deficiencies and 
also resemble the characteristic aspects 
of angiofollicular hyperplasia or Castle- 
man’s disease. A special aspect of the 
involvement of lymphoid tissues in the 
HIV infection is the salivary gland lym- 
phadenopathy."” Several lymph nodes, 
normally embedded in the parotid 
gland, may become the primary site of 
the benign lymphadenopathy and of the 
malignant lymphomas associated with 
the HIV infection. In such cases, the 
greatly enlarged (often bilaterally) par- 
otid glands show lymph node lesions 


Fig 1.—Acute Mnphadenitis (pattern A) of human immunodeficiency 
virus infection. Reactive germinal center with tingible-body macro- 
phages containing nuclear debris, activated lymphocytes, and numer- 
ous mitoses (hematoxylin-phloxin-saffranine, original magnification 
x 400). 
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Fig 2.—Lymphadenitis (pattern A) P human immunodeficiency virus 
infection. Aggregate of monocytoid B cells characterized by sharp 
borders, clear cytoplasm, and central nuclei, with scattered granulo- 
cytes, adjacent to a hyperplastic capillary (hematoxylin-phloxin-saf- 
franine, original magnification x 400). 
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similar to those present in lymph nodes 
at other locations as well as squamous 
hyperplasia and metaplasia of salivary 
ducts with formation of large epithelial 
islands and keratin cysts (Fig 4). 

In the AIDS phase of the disease, 
lymph nodes are commonly involved in 
the course of infections and neoplasias. 
As such, they are frequently subjected 
to biopsy in the search for diagnosis. 
Mycobacterial infections, more often 
with the Mycobacterium avium-intra- 
cellulare complex than with Mycobacte- 
rium tuberculosis, may totally alter the 
lymph node structure. The cortex and 
parts of the medulla are totally replaced 
by sheets of histiocytes distended by 
masses of engulfed acid-fast staining ba- 
cilli (Fig 5). Necrosis, fibrosis, and calci- 
fication, hallmarks of M tuberculosis in- 
fection, are absent in the involvement 
by M avium-intracellulare. A special 
histologic form that raises an alternate 
set of differential diagnoses is the his- 
toid type of lymph node mycobacterio- 
sis. In this, the histiocytes are spindle 
shaped and aggregated in bundles and 
whorls resembling a connective-tissue 
tumor.” Like the conventional histio- 
cytes, the spindle-shaped variants are 
filled with M avium-intracellulare ba- 
cilli that stain strongly with acid-fast 
bacilli, periodie acid—Schiff, and Go- 
moris methenamine silver stains. 
Among the fungi, Cryptococcus neofor- 
mans is the most common infectant of 


Sh 
$ 


Pi 


.. 
« 
Jf 
' Y 
r p yI 
. . > s e 
t? z Sad Å. 
a $ $ j Di adi r 
a . ,* . : << i , 
> J 
g J z 
% y n p s € f 
hi 
a r. 3 
2 LA E F . z J ve Se td P 
I iey , Ps 
s ' : 
< res y - ka ic 
f J = ` e Yi ae “i 
f a Pi s (eae 
=< Es * s. : 
go x 
4 y 
- 


2} 6 
i R wa, i 
` ~ i a. ie , *) A 
ed ~ a 
> N = 2 
5 wre s z Rog 


ne! mt ity 


A 


wA 
n A 
» 
* 


7, 

i 

p 
‘ 





lymph nodes. Large areas of parenchy- 
ma are entirely replaced by masses of 
budding yeasts with a thick mucicar- 
mine-positive capsule, histiocytes, and 
abundant mucinous substance (Fig 6). 
Coccidioidomycosis may alsco affect 
lymph nodes, resulting in a granuloma- 
tous reaction composed of multinucleat- 
ed giant cells, epithelioid cells, end lym- 
phocytes that is organized around the 
thickly capsulated sporangia containing 
multiple endospores. Toxoplasmosis of 
lymph nodes is uncommon. Usually the 
lymphoid response to the systemic in- 
fection with this parasite is the forma- 
tion of epithelioid cells clustering in and 
around the lymphoid follicles. Oecasion- 
ally, in AIDS, the etiologic agent is pre- 
sent in the lymph nodes in the form of 
aggregates of tachyzoites surrounded 
by epithelioid and giant cells. 

The common neoplasms of AIDS, Ka- 
posis sarcoma and non-Hodgkin’s lym- 
phoma, frequently affect the lymph 
nodes, primarily as single locations of 
the tumors or secondary to a primary 
site in a different organ. Kaposi’s sarco- 
ma in lymph nodes replaces the lym- 
phoid tissues with spindle-shaped, fi- 
broblastlike cells proliferating in solid 
bundles or lining cleftlike rudimentary 
vascular spaces containing abundant 
red blood cells. The tumor cells have 
large nuclei with pointed ends, conspic- 
uous nucleoli, and occasional mitoses. 
Cell staining with factor VIII antibody 


is variable. Among malignant lympho- 
mas, Hodgkin's lymphomas are infre- 
quent while non-Hodgkin’s lymphomas 
are common, which is unlike the relative 
incidence of these neoplasias in the gen- 
eral population.” Also differing from 
the findings in patients without AIDS, 
lymphomas associated with AIDS are 
more likely to be primarily located in 
organs other than lymph nodes. ™" Al- 
though less commonly the primary site 
of lymphomas, the lymph nodes are in- 
volved frequently enough to justify 
their biopsy for the diagnosis of this 
malignant neoplasm. Both Hodgkin's 
and non-Hodgkin's lymphomas in AIDS 
are in most cases of high histologic 
grades, with a mixed cellularity type in 
the former and Burkitt’s and immuno- 
blastic types in the latter.*"* At low 
power, the characteristic starry-sky 
pattern due to the active cell lysis and 
phagocytosis is present in both the Bur- 
kitt’s and Burkitt’s-like lymphomas, the 
two types differing mainly by the small- 
er or larger size of their noncleaved nu- 
clei. The immunoblastic lymphomas are 
recognized by their large, sometimes 
pleomorphic nuclei, single prominent 
nucleoli, numerous mitoses, and fre- 
quent areas of necrosis. ®?® 


BONE MARROW BIOPSIES 


Persons infected with HIV may pre- 
sent with fever of unknown origin, fa- 
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Fig 3.—Chronic lymphadenitis (pattern C) of human immunodeficien- 
cy virus infection. Burned-out lymphoid follicle with fibrosed germinal 
center penetrated by two arterioles from the right upper subcapsular 
area (hematoxylin-phioxin-saffranine, original magnification x 200). 
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Fig 4. — Salivary gland lymphadenopathy of human immunodeficiency 
virus infection. Squamous cell island with keratin cyst surrounded by 
lymphoid tssue with hyperplastic germinal center (hematoxylin- 
phloxin-saffranine, original magnification x 200). 
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Fig 5.—Mycobacteriosis of a cervical lymph node. Histiocytes filled 
with Mycobacterium avium-intracellulare bacilli entirely replace the 
lymphoid cells of nodal parenchyma (Ziehl-Neelsen, original magnifi- 


cation x 400). 


tigue, and weight loss associated with 
anemia, granulocytopenia, and throm- 
bocytopenia of various degrees. To 
evaluate these commonly occurring 
forms of pancytopenia in individuals at 
risk for AIDS, bone marrow aspirations 
and biopsies are frequently performed. 
In patients with manifestations of 
AIDS, the various systemic diseases 
may involve the bone marrow, which 
then shows the local lesions of the gen- 
eral infection or neoplasia.” Granulomas 
with or without necrosis may be present 
in the bone marrow in the course of 
mycobacterial or fungal infections. 
Acid-fast and silver stains must be rou- 
tinely performed to reveal the presence 
of M tuberculosis, M avium-intracellu- 
lare, Histoplasma, Toxoplasma, or 
other microorganisms. Not infrequent- 
ly, however, the immunodeficient pa- 
tient is unable to form granulomas, and 
M avium-intracellulare is cultured 
from the peripheral blood or bone mar- 
row, while the tissue sections show no 
characteristic changes. In other cases, 
granulomas are present but acid-fast or- 
ganisms cannot be demonstrated. In 
general, bone marrow granulomas in 
AIDS-associated cases are ill-formed, 
frequently consisting of a loose aggre- 
gate of epithelioid cells without giant 
cells or necrosis. Overall, culture of 
bone-marrow aspirates appears to be a 
more sensitive method than acid-fast 
stainings of tissues for demonstration of 
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M avium-intracellulare infection." 
Hodgkin’s and non-Hodgkin’s lympho- 
mas may involve the bone marrow in 
patients with AIDS, often representing 
the primary location of the neoplastic 
process. Kaposi's sarcoma has not been 
reported to involve the bone marrow, 
even when it is widely disseminated. " 
Far more common and difficult to 
evaluate than the specific lesions of 
AIDS are a number of changes in the 
hematopoietic bone marrow that, al- 
though nonspecific, with a few minor 
variations form a relatively characteris- 
tic picture.” In HIV-infected patients, 
before the debilitating complications of 
AIDS occur, the hematopoietic bone 
marrow is almost always hypercellular, 
in contrast to the decrease in the periph- 
eral blood counts. Except in the late 
stages of AIDS, when the exhausted 
bone marrow finally becomes hypocellu- 
lar, there is marked hematopoietic hy- 
perplasia. The hematopoietic bone mar- 
row is evenly expanded, separating 
without effacing the adipose tissue (Fig 
7). The myeloid-erythroid ratio is in- 
creased, because the cellular hyperpla- 
sia affects the white blood cell series 
more than the red. There is also a 
marked increase in the total amount of 
megakaryocytes, which are usually pre- 
sent in clusters, a tendency often associ- 
ated with myeloproliferative disorders. 
The occurrence of pancytopenia in con- 
junction with bone-marrow hypercellu- 





Fig 6.—Cryptococcal lymphadenitis. Subcapsular area depleted of 
lymphoid cells with large amounts of mucicarmine-positive yeasts 
(mucicarmine, original magnification x 400). 


larity is an indication of ineffective he- 
matopoiesis or of peripheral cellular 
destruction. 

In addition to the quantitative 
changes, morphologic cellular abnor- 
malities are usually noted. In the my- 
eloid series, immature, blastlike cells 
with high nuclear-cytoplasmic ratios 
and unusual irregular, folded nuclei 
have occasionally been described; they 
are considered to represent cellular 
dysplasia. More striking are the mor- 
phologic changes found in the megakar- 
yocytie series, in which abnormal, 
dysplastic megakaryocytopoiesis is ex- 
pressed by the presence of immature 
and atypical forms. There are numerous 
megakaryocytes with hyperchromatic, 
poorly lobulated, apparently pyknotic 
nuclei surrounded by a small amount of 
cytoplasm; there are megakaryocytes 
with large, bizarre nuclei that resemble 
megakaryoblasts or leukemic cells; and 
there are bare nuclei, devoid of cyto- 
plasm, that are scattered throughout 
the hematopoietic bone marrow’ (Fig 7). 
Lymphocytic nodules and mixed collec- 
tions of small and large lymphocytes, 
usually not in a paratrabecular position, 
are common. Increased numbers of eo- 
sinophils and markedly increased num- 
bers of plasma cells have been recorded. 
These can be correlated with the pres- 
ence of hypergammaglobulinemia in 
83% of patients. Proliferation of reticu- 
lin fibers in various amounts is consis- 
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tently observed, and excessive prolifer- 
ation of blood vessels has been recorded 
as well. Iron stores are increased, se- 
rum iron level is lew, and ferritin levels 
are increased. Focal deposits of hemo- 
siderin can frequently be seen, indicat- 
ing the occurrence of hemolysis. 

The cellular maturational abnormali- 
ties and morphologic changes resemble 
those of myelodysplasia, a syndrome 
that is considered to represent a preleu- 
kemic state; however, flow cytometric 
examination has not revealed the pres- 
ence of aneuploid clones.™ The patho- 
genesis of bone marrow abnormalities is 
not well understood. These nonspecific 
changes often occur in the absence of 
any opportunistic mfections in patients 
who were not under any drug treat- 
ment. It appears, therefore, although 
direct evidence is not yet available, that 
the peripheral paneytopenia and hema- 
topoietic bone marrow dysplasia are di- 
rect effects of the EIV infection. 


LUNG BIOPSIES 


The respiratory system is a common 
site for serious AIDS complications, of 
which Preumocyst’s carinii pneumonia 
affects as many as 65% of all patients 
with AIDS.” This situation creates 
the urgency of treating such severe dis- 
eases and therefore the need for rapid 
and precise diagnosis. Fiberoptic bron- 
choscopy with the use of a variety of 
devices and techniques is able to reach 


Fig 7.—Bone marrow in human immunodeficiency virus infection. 
Hypercellular hematopoietic bone marrow with myeloid and megakar- 
yocytic hyperplasia. Bizarre and pyknotic megakaryocytic nuclei are 
frequently devoid of cytoplasm (hematoxylin-phloxin-saffranine, origi- 


nal magnification x 400). 


out to the periphery of the lung. Wash- 
ings, brushings, and, more recently, 
bronchoalveolar lavage are used for the 
detection of P carinii organisms. How- 
ever, a better yield of up to 95% to 98% 
of positive diagnosis is obtained with the 
transbronchial forceps biopsy.*’* Multi- 
ple bites produce several small tissue 
fragments that, before fixation, are 
used to make touch preparations. In our 
laboratory, these imprints are stained 
with methenamine silver by the Gomori 
procedure in the microwave oven, pro- 
viding a rush specimen ready for exami- 
nation and reporting of a preliminary 
diagnosis within 15 to 20 minutes. The 
definitive diagnosis is made on the par- 
affin-embedded section, where the 
presence of P carinii organisms stained 
with Gomori’s methenamine silver can 
be correlated with the histologic 
changes as seen on the regularly stained 
slides. An additional section stained for 
acid-fast bacilli accompanies the first 
two slides, since the identification of one 
infectious agent in the pulmonary le- 
sions of AIDS does not preclude a con- 
comitant infection with another. Pneu- 
mocystis carinii pneumonia may 
coexist with other pulmonary infec- 
tions, most commonly cytomegalovirus 
(CMV) and M avium-intracellulare, in 
up to 32% of cases.” Pneumocystis car- 
inii pneumonia is expressed as a patchy 
involvement of alveoli with little or no 
participation of the interstitium. The in- 
volved alveoli are distended by a fibri- 
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Fig 8.— Pneumocystis carinii pneumonia. Foamy, fibrinous, periodic 
acid—Schiff—oositive exudate within two adjacent alveoli is partially 
surrounded by foreign-body giant cells (periodic acid—Schiff, original 
magnification x 400). 


nous exudate characterized by its foam- 
iness and poor cellularity. It is strongly 
eosinophilic and stains well with the pe- 
riodic acid-Schiff stain (Fig 8). Clusters 
of 4- to 6-um ovoid cysts with one or two 
dark points are present within the alve- 
olar exudates. After specific treatment, 
the cysts may appear fragmented and 
palely stained and thus more difficult to 
recognize. Because of the thick exudate 
in which they are embedded and their 
adherence to alveolar walls, P carinii 
cysts do not readily appear in the spu- 
tum, making its examination a less pro- 
ductive method for diagnosis. Trans- 
bronchial needle aspiration more 
recently adapted to the fiberoptic bron- 
choscope, which reaches further and 
causes less bleeding, may prove advan- 
tageous in the biopsy of AIDS-associ- 
ated pulmonary lesions.” 

The histologic presentation of P car- 
inii pneumonia may include atypical 
features in 69% of cases or may be pre- 
dominantly atypical in 30% of cases.” 
The histologic findings are considered 
atypical when the foamy exudate is ab- 
sent, when there is considerable des- 
quamation of alveolar epithelium, or 
when marked interstitial inflammation 
is present. Formation of epithelioid and 
giant cell granuloma with centers of ne- 
crosis, fibrin exudate, and P carinii 
cysts is also considered to be atypical’ 
(Fig 8). The use of specific monoclonal 
antibodies may improve the detection of 
P carinii in the sputum and its identifi- 
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cation in tissue sections.” 

The next most common cause of pneu- 
monia in patients with AIDS is CMV, 
found in 17% of AIDS-associated pulmo- 
nary complications.” The effective- 
ness of bronchoscopy in the diagnosis of 
CMV pneumonia is much lower than for 
P carinii, yielding a positive diagnosis 
in only 55% of autopsy-proved cases.~ 
Typical large, haloed, strongly baso- 
philic intranuclear viral inclusions or 
multiple, small, indistinct intracyto- 
plasmic inclusions within greatly en- 
larged cells can be found in the lung 
biopsy specimen (Fig 9). The affected 
cells are type II alveolar pneumocytes, 
macrophages, and endothelial cells, 
while the tissue changes resemble dif- 
fuse alveolar damage or chronic inter- 
stitial pneumonitis.” Cytomegalovi- 
rus inclusions can also be identified by 
monoclonal antibodies and peroxidase 
staining or by in situ hybridization.’ 
These more laborious and costly meth- 
ods are usually unnecessary given the 
easily identifiable features of CMV. 

Mycobacterial infections are the third 
most common cause of pneumonitis as- 
sociated with AIDS.” Both M avium- 
intracellulare and M tuberculosis rare- 
ly form granulomatous structures, and 
therefore an acid-fast bacilli stain 
should be routinely included in the pro- 
cessing of lung biopsy specimens. Ag- 
gregates of large, flat histiocytes with 
cytoplasmic striations are the hallmark 
of M avium-intracellulare infection, al- 





Fig 9.—Cytomegalovirus pneumonia. Alveoli with fibrinous exudate 
and two enlarged alveolar cells with intranuclear cytomegalovirus 
inclusion bodies (hematoxylin-phloxin-saffranine, original magnifica- 


tion x 400). 
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though occasionally the histiocytes may 
become spindle-shaped and associated 
in bundles and whorls similar to the ap- 
pearance of histoid leprosy.” In the pres- 
ence of a solid tumorlike area composed 
of spindle-shaped cells, the possibility of 
M avium-intracellulare infection must 
therefore be considered, along with 
those of Kaposi’s sarcoma and sarcoma- 
tous neoplasms. The distinction, how- 
ever, is simple with the acid-fast bacilli 
stain because M avium-intracellulare 
bacilli, when present, are in large 
amounts, filling the histiocytes and 
causing their striated appearance. This 
is in sharp contrast to the M tuberculo- 
sis infection, in which, even in the pres- 
ence of extensive, often caseating le- 
sions, very few bacilli are present, 
requiring a long and careful search for 
their finding. Although the M avium- 
intracellulare infection is still predomi- 
nant, M tuberculosis infections are 
gradually increasing as the risk of AIDS 
shifts more from homosexual to drug- 
abusing patients. 

The fungal infections of the lung in 
AIDS include cryptococcosis, histoplas- 
mosis, coccidioidomycosis, candidiasis, 
aspergillosis, blastomycosis, and mu- 
cormycosis.” Of these, cryptococcosis is 
the only major consideration, particu- 
larly in urban locations.” Histoplasmo- 
sis and coccidioidomycosis represent a 
serious threat in the areas where they 
are endemic, the central and southwest 
United States, respectively, although 


sporadic cases, particularly of the for- 
mer, may occur in other places.” Candi- 
diasis, although the most common fun- 
gal infection in AIDS, is rarely a cause 
of pneumonia, while pulmonary infec- 
tions with Aspergillus, Mucor, and 
Blastomyces, although unusual, repre- 
sent severe life-threatening complica- 
tions. On the lung biopsy specimen, 
cryptococcosis may be seen as nodules 
composed of scattered or confluent non- 
caseous granulomas, exudative pneu- 
monia, or interstitial pneumonitis.*” 
The fungus is monomorphic, forming 
yeasts but not hyphae, 4 to 15 um in 
diameter with a thick mucopolysaccha- 
ride capsule that appears as a clear 
space around the yeast in the hematoxy- 
lin-eosin stain or strongly stained in the 
periodic acid—Schiff or mucicarmine 
stains. Budding is more common in 
cryptococcosis than in other yeasts, 
with single or double narrow-based 
buds that detach easily, reproducing 
the original cell. In histoplasmosis, the 
yeasts are inside macrophages where 
they multiply, taking advantage of the 
cells’ loss of fungicidal capacity. The 
parasitized histiocytes form sheets of 
cells that replace normal tissues and of- 
ten undergo central necrosis. The dif- 
ferential diagnosis ef Histoplasma in 
the tissue sections includes Cryptococ- 
cus, with its distinctive thick capsule; 
coccidioidmycosis, which consists of 
larger, double-contoured  spherules 
filled with endospores; and Toxoplas- 





lymphocytic nodule in interalveolar septum, with alveoli uninvolved 
(hematoxylin-phloxin-saffranine, original magnification x 100). 
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ma, which is slight.y smaller, not intra- 
cellular, and not stainable by silver. Fi- 
nally, aspergillosis is characterized by 
septate, dichotomic hyphae with a tro- 
pism for vascular lumina, which they 
occiude, causing greas of pulmonary 
infarction. 

Pulmonary involvement in the form 
of lymphocytic umerstitial pneumonitis 
not associated with any of the common 
infections of AIDS is relatively fre- 
quent, particularly in children, where in 
particular populations it may be present 
in up to 43% of cases. The diagnosis is 
made histologically through examina- 
tion of lung tissues obtained by trans- 
bronchial biopsy. The lesions appear as 
randomly distributed interstitial infil- 
trates of lymphocytes, plasma cells, and 
immunoblasts with formation of nodular 
aggregates around the vessels and 
bronchioles (Fig 10). No infectious 
agents have been identified; however, 
the role of HIV is suggested by positive 
findings with in sta hybridization and 
anti-HIV antibedies in the bronehoal- 
veolar lavage fluids. The activity of HIV 
is also suspected in a number of cases in 
whieh progressive pulmonary hyper- 
tension associated with pulmonary 
plexogenic arteriepathies occurred in 
HIV-infected patients. 

The neoplasias of AIDS, Kaposi's sar- 
coma, and non-Hodgkin's lymphoma in- 
volve the lungs, mere often secondarily: 
however, the possibility of their occur- 
rence must be kept in mund when exam- 
ining a pulmonary biopsy specimen, 
particularly since they may occur in as- 
sociation with varieus infections and 
even together, intimately admixed (Fig 
11). 

Kaposi's sarcoma in the lung may ap- 
pear as tracheobronchial mucosal pateh- 
es and plaques, as discrete peribron- 
chial or perivascular small nodules with 
a lymphatic distribution, or as solid 
sheets distending the interalveolar sep- 
tae and compressing withcut destroy- 
ing the alveolar spaces.“ As in other 
locations, the tumor masses consist of 
the characteristic spindle cells with oc- 
casional mitoses lining congested cleft- 
hke vascular spaces. Plasma cells are 
usually associated with the neoplastic 
process. A transbronchial biopsy may 
not be adequate for a firm diagnosis, in 
which case an open ‘ung biopsy should 
be requested. Non-Hodgkin's lympho- 





mas are more often extranodal in pa- 
tients with AIDS than in the general 
population; however, the lung is not of- 
ten the primary site. Nevertheless, the 
pulmonary involvement must be diag- 
nosed, and therefore any atypical lym- 
phoid infiltration in a lung biopsy speci- 
men has to be carefully analyzed. As in 
other locations, the lymphomas are of 
high grade, mostly Burkitt's or immun- 
oblastie types. If frozen tissue is not 
available for immunoglobulin restric- 
tion identification, stainings for B- and 
T-cell phenotypes on paraffin-embed- 
ded tissues are still helpful by demon- 
strating the cell origin of the ma:ority of 
infiltrating lymphoid cells.” 


DIGESTIVE TRACT BIOPSIES 
Mouth 


The tongue, gums, tonsils, and re- 
maining oral mucosa may be affected by 
candidiasis, oral hairy leukoplakia, Ka- 
posis sarcoma, and non-Hodgkin's lym- 
phoma, for the diagnosis of which a 
biopsy may be necessary. Candida albi- 
cans, often appearing as corfluent, 
thick white patehes on the tongue, 
shows colonies of yeasts and pseudohy- 
phae on histologie examination. Oral 
hairy leukoplakia or condyloma planum, 
also localized predominantly on the 
tongue, particularly on the lateral bor- 
ders, consists of hairlike, firmly adher- 
ent, whitish exerescences.” Histologi- 
cally, hairy projections of kerazin are 
seen on the surface of the squamous 
epithelium, which also shows acantho- 
sis, parakeratosis, keilocytotic atypia, 
and focal ballooning of squamous cells. 
Thus, the microscopic picture resem- 
bles that of flat condylomas commonly 
seen in the anogenital areas. Human 
papillomavirus, considered the cause of 
anogenital condylomas, is also present 
in condyloma planum of the mouth, 
along with Epstein-Barr virus, a virus 
also associated with dysplasia ard neo- 
plasia.” Kaposi’s sarcoma with the same 
histologic appearance as in other loca- 
tions is often seen in the mouth in the 
form of red-purple patches and plaques 
on the hard palate above the leve: of the 
second molar, gums, tongue, and ton- 
sils. Non-Hodgkin's lymphoma may lo- 
calize and even originate in the gums 
and the salivary gland lymph nodes. *" 
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Esophagus 


Candidiasis of the esophagus occurs 
often and is included in the definition of 
AIDS. Gray pseudomembranes cover- 
ing irregularly shaped ulcers appear mi- 
croscopically as fibrin and necrotic tis- 
sue debris within meshworks of 
pseudohyphae. When yeasts predomi- 
nate, the lesions tend to be shallow, in 
contrast to the pseudophyphae, which 
are the aggressive form and may extend 
deep into the muscular wall of the 
esophagus.” Herpes simplex virus 1 
producing lesions above the diaphragm 
is the common cause of esophageal ul- 
cers in AIDS. The distal esophagus is 
more often affected by punched-out ul- 
cers with raised granular margins that 
tend to enlarge and to become superin- 
fected with Candida. The typical le- 
sions are seen in the margins of the ulcer 
and consist of squamous cells with bal- 
looning degeneration and multinucleat- 
ed giant cells with nuclear molding and 
intranuclear inclusions. The latter are 
lilac stained with a ground-glass ap- 
pearance filling the nucleus entirely in 
an early phase and strongly eosinophilic 
with a characteristic halo at a later 
stage. The underlying stroma is con- 
gested and infiltrated by granulocytes. 
Kaposi's sarcoma may also affect the 
esophagus. 


Stomach 


Herpetic ulcers, patches of Kaposi's 
sarcoma, and infiltrates of non-Hodg- 
kin’s lymphoma may be observed in the 
stomach, although less frequently than 
in other segments of the digestive tract. 


Small and Large Intestine 


A large proportion of patients with 
AIDS first see a physician for gastroin- 
testinal tract symptoms, particularly 
diarrhea. For this reason, endoscopic 
biopsy is a common procedure, often 
determining the etiologic diagnosis. 
The most frequent intestinal infection in 
AIDS is that with CMV, which can be 
easily diagnosed in the endoscopie biop- 
sy specimen by recognition of the char- 
acteristic intranuclear inclusions. With- 
in the gastrointestinal tract, the colon 
shows the largest number of CMV inclu- 
sions and the ascending colon more than 
the descending colon or the rectum.” 
The involvement of the colon is usually 
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patchy, and therefore multiple colonos- 
copic biopsies and multiple-level sec- 
tions are recommended. Single or multi- 
ple ulcers, usually well circumscribed 
and shallow, are present in more than 
50% of cases.” Endothelial cells, macro- 
phages, and smooth-muscle cells as well 
as colonic crypt epithelia are the sites of 
inclusions. As in other organs, the 
CMV-infected cells may appear as 
nuclear amphophilic inclusions sur- 
rounded by a clear halo with the typical 
owl-eye appearance, as cytoplasmic 
granular amphophilic or eosinophilic in- 
clusions, or as markedly enlarged cells 
without clearly defined inclusions” (Fig 
12). Candida, Shigella, Mycobacte- 
rium, and Cryptosporidium may be as- 
sociated with the CMV infection. The 
bacilli of M aviwm-intracellulare may 
infect the intestine, resulting in areas of 
thick, short villi with discoloration of 
the mucosa. The histologic appearance 
resembles that of Whipple's disease, 
with the mucosa infiltrated by large 
amounts of microorganisms.” Crypto- 
sporidium, an animal parasite, can in- 
fect the intestine of patients with AIDS, 
causing severe diarrhea, malabsorp- 
tion, dehydration, and electrolyte im- 
balance. The parasites are preferential- 
ly located in the small intestine but also 
in the cecum, colon, rectum, and, on 
occasion, gallbladder. In the intestinal 
biopsy specimen, the organisms are 
seen as oval bodies, 2 to 6 pm long, 





Fig 11.—Pulmonary Kaposi's sarcoma and non-Hodgkin's lymphoma. 
Sheets of spindle-shaped Kaposi's sarcoma cells replacing lung pa- 
renchyma and forming erythrocyte-containing slitlike spaces are infil- 
trated by lymphoma cells (lower right) (hematoxylin-phloxin-saffran- 


ine, original magnification x 200). 
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located on the brush border of the epi- 
thelial cells lining the tips and sides of 
the villi or the lumina of the crypts” (Fig 
13). The crypts and villi appear normal, 
while the lamina propria is infiltrated by 
lymphocytes and plasma cells. Crypto- 
sporidium stains well with Giemsa, he- 
matoxylin-eosin, and methylene blue 
but not with acid-fast or Gomori’s me- 
thenamine silver stains.“ Kaposi's sar- 
coma may be seen in the duodenum, 
ileum, and colon and even more fre- 
quently in the anorectal area. Non- 
Hodgkin’s lymphoma, usually of Bur- 
kitt’s or Burkitt’s-like type, can also 
involve the small or large intestine, 
sometimes as the primary site. A partic- 
ular localization of AIDS-associated 
lymphoma is in the terminal rectum and 
anus." The patients present with anor- 
ectal symptoms and may undergo sur- 
gery for anal fistulas. Even in the case of 
large tumor masses, staging may not 
reveal other organ involvement. Anal 
vesicles and ulcers may be caused by 
infection with herpes simplex virus or 
CMV showing on biopsy specimens the 
characteristic intranuclear inclusions of 
these viruses. Finally, the anal squa- 
mous epithelium in patients at risk for 
AIDS may show a spectrum of lesions 
ranging from condyloma to Bowen’ dis- 
ease to squamous cell carcinoma. As in 
the genital tract, they appear to be asso- 
ciated with various types of human pa- 
pillomaviruses, which can be visualized 
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by immunohistochemical staining or in 
situ hybridization.” Condyloma acumin- 
atum, planum or endophytic, exhibits 
characteristic koilocytotic atypia also 
present in the more superficial cells of 
Bowens disease and squamous cell car- 
cinoma, thus indicating the unity of 
these lesions and their relationship to 
human papillomavirus (Fig 14). In Bow- 
en’s disease or squamous cell carcinoma 
in situ, the cells also show lack of orien- 
tation, strong basophilia, marked nucle- 
ar pleomorphism, including giant 
forms, and numerous atypical mitoses. 
The subjacent stroma, which is not infil- 
trated by the tumor cells, contains 
abundant lymphoplasmacytic infil- 
trates. Invasive carcinomas in this area 
may be of squamous, transitional, or 
basaloid type, the latter representing 
variants of the more malignant cloaco- 
genic carcinoma. 


Liver 


Needle biopsies of the liver are often 
used in the workup of a febrile syn- 
drome of unknown origin in persons 
with the HIV infection or AIDS. The 
finding of small epithelioid and giant- 
cell, nonnecrotizing granulomas ran- 
domly located in the hepatic parenchy- 
ma is suggestive of infection with M 
tuberculosis or M avium-intracellu- 
lare. The Ziehl-Neelsen stain may re- 
veal large amounts of acid-fast bacilli 





Fig 12.—Cytomegalovirus colitis. Mucosa of descending colon with an 
intranuclear cytomegalovirus inclusion body in a crypt goblet cell. 
Neutrophils, lymphocytes, and plasma cells infiltrate the lamina pro- 
pria (nematoxylin-phloxin-saffranine, original magnification x 400). 
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within macrophages in the case of M 
avium-intracellulere and few or none in 
the case of M tuberculcsis infection. A 
silver stain, which must always accom- 
pany the acid-fast bacilli stain, may re- 
veal the presence of small, fine, budding 
yeasts, identified as Histoplasma cap- 
sulatum, as the cause of hepatic granu- 
lomas’ (Fig 15). Chronic hepatitis is fre- 
quent, and 76% of patients in one study 
had serologic or pathologic evidence of 
hepatitis exposure.” However, despite 
the frequency of markers for hepatitis B 
in the AIDS populaczion, the incidence of 
significant liver disease due to hepatitis 
B virus is small, possibly due to the 
background of immane suppression. In 
addition to its use in the diagnosis of 
various systemic infections and in the 
monitoring of viral hepatitis, the liver 
needle biopsy in patients with AIDS 
may also detect the occasional presence 
of Kaposis sarcoma and malignant 
lymphoma. 


SKIN BIOPSIES. 


Cutaneous lesions are common in pa- 
tients with AIDS and, in the majority of 
cases, are identifiable grossly. Confir- 
mation by biopsy, however, is neces- 
sary in some, including herpetic ulcers, 
molluscum contagiosum, Kaposi's sar- 
coma, and lymphoma. Herpes simplex 
virus 1 causes lesions of the face, lips, 
neck, nipples, ears, and corneas, while 
herpes simplex virus 2 produces lesions 


Fig 13.—Cryptosporidiosis colitis. Colonic crypts with numerous cryp- 
tosporidial sporozoites attached to the apical poles of lining epithelia! 
cells (hematoxylin-phloxin-saffranine, original magnification x 400). 


on the perineum, external genitals, and 
perianal area. The vesicles that appear 
in 3 to 5 days from infection are followed 
by pustules and ulcers that are long last- 
ing. In the biopsy specimen of a herpetic 
ulcer, the diagnosis is based on the pres- 
ence of ballooning degeneration of the 
squamous epithelium, the multinucleat- 
ed giant cells, and the characteristic in- 
tranuclear viral inclusions. In mollus- 
cum contagiosum, the dome-shaped 
umbilicated papules show the large di- 
agnostic molluscum bodies inside mark- 
edly enlarged keratinocytes. Kaposi's 
sarcoma is the most common reason for 
a skin biopsy in patients with AIDS. 
The location of Kaposi's sarcoma lesions 
is more varied and widespread than in 
patients with the classic form of the dis- 
ease. On the face, the most common 
sites are the tip of the nose, the medial 
third of the eyelid, the earlobes, and the 
area behind the ears.*” Other common 
locations are the trunk, the penis, and 
the dorsum of the feet. While the histo- 
logic picture is characteristic in older, 
nodular lesions, it is sometimes difficult 
to recognize in early patch lesions. 
These appear as a fine lacework of irreg- 
ularly shaped, thin-walled capillaries 
with a few scattered plasma cells. The 
lesion is restricted to the superficial der- 
mis, contiguous with preexisting ves- 
sels, and often resembling pyogenic 
granuloma.’ Lymphomas of the skin are 
rare and are usually secondary to other 
organ involvement. 
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Fig 14.—Bowen's disease of the anus. Koilocytosis, parakeratosis, 
nuclear pleomorphism, and mitoses in markedly thickened anal squa- 
mous epithelium (hematoxylin-phloxin-saffranine, original magnifica- 
tion x 200). 


BRAIN BIOPSIES 


The nervous system is commonly in- 
volved in AIDS, with 20% to 30% of 
patients presenting with neurologic 
signs and symptoms during life and 50% 
to 85% showing neuropathologic lesions 
at autopsy.” For this reason, biopsies of 
the brain are frequently performed and 
biopsies of peripheral nerves are occa- 
sionally performed. 

The AIDS dementia complex, a form 
of subacute encephalitis, is the result of 
direct infection of the brain by HIV, 
which affects 40% to 60% of all pa- 
tients." The histologic lesions consist 
of haphazardly scattered small collec- 
tions of multinucleated giant cells, mac- 
rophages, and lymphocytes within the 
white matter of the cortex, midbrain, 
brain stem, and spinal cord as well as 
deep in the gray matter of the thalamus 
and basal ganglia.“ The giant cells, 
considered a marker for HIV infection 
of the brain, are located near small blood 
vessels and resemble the giant cells of 
HIV lymphadenopathy, having over- 
lapping nuclei and very little cyto- 
plasm.“ Human immunodeficiency vi- 
rus particles and genome have been 
detected in the giant cells of HIV en- 
cephalitis by electron microscopy and in 
situ hybridization.“ The poorly de- 
fined collections of cells are located in 
areas of demyelination. Mineralization 
of blood vessels in the form of iron and 
calcium deposition in vessel walls is as- 
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sociated with advanced cases and is 
more common in children.” 

Among the opportunistic viral infec- 
tions, CMV, herpes simplex virus, and 
JC virus can produce a variety of neuro- 
pathologic changes. Cytomegalovirus is 
associated with areas of demyelination 
and focal necrosis. Microglial nodules 
and typical intranuclear viral inclusions 
can be seen in the hypothalamic region 
but also in the spinal cord and in periph- 
eral nerves. Cytomegalovirus shows an 
affinity for ependymal surfaces with 
mononuclear cell infiltrates and intra- 
nuclear inclusion on the choroid plex- 
us.” Herpetic encephalitis, far less com- 
mon, will also show necrotizing lesions 
more often in the frontal and temporal 
lobes, surrounded by lymphocytic infil- 
tration. Microglial nodules with intran- 
uclear inclusions are also noted. The JC 
virus, a member of the papovavirus 
group, is the cause of progressive multi- 
focal leukoencephalopathy. The defini- 
tive diagnosis can be made only by brain 
biopsy, in which specimens the charac- 
teristic lesions can be recognized. These 
consist of randomly distributed areas of 
demyelination with foci of infarctlike 
necrosis in the internal capsule. En- 
larged, bizarre astrocytes, lipid-laden 
macrophages, and amphophilic intranu- 
clear inclusions without surrounding 
haloes are present. ** 

Cryptococcosis is the most common 
fungal infection of the central nervous 
system in patients with AIDS. It in- 
volves mainly the meninges and the ad- 





Fig 15.—Hepatic histoplasmosis. Nonnecrotizing granuloma contain- 
ing silver-positive, single or budding yeasts in liver parencyma with 
marked fatty change (Gomori methenamine silver, original magnifi- 
cation x 200). 
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jacent brain tissue. The meninges are 
thickened and opacified and the brain is 
covered by a cloudy, gelatinous fluid. 
Numerous free yeasts, lymphocytes, 
and plasma cells infiltrate the menin- 
ges. In chronic forms, more frequently 
localized at the base of the brain, the 
yeasts abound in the periarterial Vir- 
chow-Robin spaces, which become dis- 
tended and form small cystic spaces.” 
Multinucleated histiocytic giant cells 
with phagocytosed yeasts are usually 
present. The Cryptococcus yeasts are 
easily identified by their silver staining 
and particularly their strong affinity for 
periodic acid—Schiff and mucicarmine 
stains. Toxoplasmosis of the brain is the 
most frequent parasitic infection of the 
central nervous system in AIDS. In the 
acute phase, free tachyzoites are scat- 
tered in the tissues, while they appear 
as cysts in the chronic phase.” The infec- 
tion is associated with extensive tissue 
necrosis caused by vascular thrombosis. 
Tachyzoites and Toxoplasma antigen 
are predominantly localized in vessel 
walls, where they induce hypertrophy, 
inflammation, and thrombosis.” Early 
definitive diagnosis is essential for ef- 
fective chemotherapy and can be im- 
proved by using immunostaining with 
anti-Toxoplasma antibody on the brain 
biopsy specimens. Kaposi's sarcoma, al- 
though one of the most common mani- 
festations of AIDS, has not been re- 
ported to occur in the brain. In contrast, 
non-Hodgkin's lymphomas are fre- 
quently seen in AIDS, with the brain as 


Fig 16.—Non-Hodgkin’s lymphoma of the brain. Perivascular 
diffuse infiltration of cerebral cortex by undifferentiated lymphoma 
cells (hematoxylin-phloxin-saffranine, original magnification x 200). 


the primary location in about 13% of all 
cases. This is more than 10 times the 
incidence in the general population.*” 
The primary lesions are intraparenchy- 
mal and usually angiocentric, while the 
less frequent secondary lymphomas of 
the central nervous system are more 
likely to involve the leptomeninges with 
the subjacent cerebral tissues” (Fig 16). 
Their high aggressiveness is reflected 
in the extensive cerebral necrosis that is 
usually part of the lesions. The histolog- 
ic features are those of high-grade lym- 
phoma of Burkitt’s or Burkitt’s-like 
type, and the phenotype is B cell in all 
cases reported so far.” Peripheral 
nerve biopsies are occasionally per- 
formed for the various neuropathies and 
palsies experienced by patients with 
AIDS. They usually show intense in- 
flammatory cell infiltrates and focal de- 
myelination with accumulation of mac- 
rophages suggestive of autoimmune 
cellular reactions.” 


CONCLUSION 


The recognition of pathologic changes 
associated with HIV infection and with 
AIDS has progressed rapidly, unveiling 
a broad spectrum of lesions. The knowl- 
edge related to their etiology and patho- 
genesis that is essential for their under- 
standing is also expanding at a quick 
pace. Translated into the everyday pa- 
thology practice, the diagnosis of HIV 
infection and AIDS requires the etiolog- 
ic identification of a variety of patholog- 
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ic entities by the application of rapid, 
effective techniques and expert inter- 
pretation. The tissue lesions deseribed 
in this article, in keeping with its title, 
refer specifically to pathologic features 
more likely to be seen in biopsy materi- 
al. This is intended to serve as a practi- 
cal guide and therefore has deliberately 
left out informat:on and discussions on 
the mechanisms ef pathologic changes. 
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Acquired Immunodeficiency Syndrome 


Klaus Mayer, MD 


è Cytopenias are commonly found 
in patients infected with human 
immunodeficiency virus. Thrombo- 
cytopenia due to peripheral destruc- 
tion of platelets is an early manifesta- 
tion, normocytic anemia and 
neutropenia are fate manifestations. 
Transfusions are required when 
symptoms become severe. Chemo- 
therapy of patients with the acquired 
immunodeficiency syndrome (AIDS) 
is also cytotoxic and further contrib- 
utes to the transfusion requirement. 
Patients with AIDS receiving treat- 
ment with zidovudine, in particular, 
have a high transfusion requirement. 
Empirically, many centers irradiate 
blood products transfused to AIDS 
patients to prevent possible graft-vs- 
host reaction in the immunologically 
compromised recipient. Attempts to 
correct the deficiency of helper T 
cells with lymphocyte transfusion 
and marrow transplantation have so 
far been ineffective. Similarly, thera- 
peutic trials to treat this disease by 
apheresis of virus-bearing cells has 
been ineffective and has, therefore, 
been abandoned. 
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N owadays _transfusion-associated 
retroviral infection occupies a ma- 
jor role in the life of the blood bank 
director. The converse is also true be- 
cause patients with the acquired immu- 
nodeficiency syndrome (AIDS) have 
major transfusion requirements and 
these needs are increasing. All circulat- 
ing blood cells of the patient with AIDS 
may be affected. Leukopenia is com- 
mon, and this is most pronounced in the 
finding of a low absolute lymphocyte 
count. This is in no way surprising, be- 
cause the human immunodeficiency vi- 
rus invades the helper T cell, destroys 
it, and thereby creates havoc by inter- 
fering with the host response to infec- 
tion. The resultant opportunistic infec- 
tions are usually the ultimate cause of 
the inevitable death of patients with 
AIDS. Early on lymphocyte transfu- 
sions were considered to correct this 
lesion.’ Such transfusions, if successful, 
can lead to graft-vs-host disease. At 
best, the reversal of the immune defi- 
ciency is only short-lived. Although cy- 
totoxicity of natural killer cells can be 
enhanced by incubation in vitro with 
interleukin 2, this approach also fails 
because no notable long-term clinical 
benefits result.*’ Such strategies con- 
tinue to receive attention but, because 
they are believed to be ineffective, they 
have generally been abandoned. 
Although the major clinical manifes- 
tations of AIDS are opportunistic infec- 
tions and malignant neoplasms, some 





hematclogic defects are more amenable 
to therapy. In a review published by 
Zon et al, of 102 patients studied at 
New England Deaconess Hospital, 
Boston, Mass, more than half who de- 
veloped the full picture of AIDS also 
developed anemia, leukopenia, and/or 
thrombocytopenia. Not surprisingly, 
the incidence of these blood cell deficien- 
cies progressed with the severity of the 
disease, starting with asymptomatic 
carriers progressing to AIDS-related 
complex and finally AIDS and Kaposi's 
sarcoma. 

Bone marrow studies on patients 
with AIDS reveal a diverse picture. The 
marrow is usually normocellular, but in- 
creased cellularity may also be present, 
and an aplastic aspirate is occasionally 
seen. Increase in plasma cells and rou- 
leaux formation of red blood cells are 
encountered. A dysplasia of erythroid 
and myeloid elements is not uncommon. 
Typical marrow aspirates are depicted 
in the Figure. When marrow aspira- 
tions and biopsies are performed in pa- 
tients with AIDS, tke opportunity 
should not be lost to eulture the aspi- 
rate. The findings are frequently posi- 
tive, permitting an early diagnosis of 
one of the many opportunistic microor- 
ganisms often found to infect these pa- 
tients. Frequently marrow cultures for 
mycobacteria are positive. 

ANEMIA 

Anemia is a common finding. When it 

is present, it is usually normocytic. 
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Transfusions of red blood cells are occa- 
sionally required but are often unneces- 
sary because these are chrenic anemias 
acquired gradually. Only clinically 
symptomatic individuals need to be 
transfused. Low hemoglobin levels are 
tolerated well by this youthful patient 
population. At Memorial Sloan-Ketter- 
ing Cancer Center, New York, NY, 
349 of 790 patients with AIDS received 
3229 U of red blood cells; therefore, an 
average AIDS patient with AIDS re- 
ceived 9 U of red blood cells. 

Those patients repeazedly transfused 
may, of course, develop alloantibodies. 
The antibodies found in 630 tested pa- 
tients with AIDS are given in Table 1. 
Ten percent of these individuals were 
sensitized, compared with 6% of other 
Memorial Hospital patients. Nineteen 
percent of these patients developed a 
positive direct antiglobulin test. The 
character of coating is given in Table 2. 

Oecasionally autoimmune hemolytic 
anemias due to IgG autoantibodies are 
encountered. More often IgM antibod- 
ies are found. This may be related to the 
frequent occurrence of pneumonia. 

To date, the treatment most common- 
ly tried for AIDS is zidovudine—a thy- 
midine analog that inhibits replication 
of the retrovirus. A common toxic effect 
is the development of an anemia, usually 
due to reduction in erythrepoiesis and 
marrow aplasia. Oecasionally, megalob- 





A 
| genai e 


Typical marrow aspirate (Wright and Giemsa, x 1000). 


lastic changes unrelated to vitamin B, 
or folate deficiency are noted. Erythro- 
poietin levels are usually elevated. Tri- 
als are underway, and evidence sug- 
gests that, despite normal or elevated 
erythropoietin titers, erythropoietin 
therapy may be effective. These pa- 
tients, in later stages, may require red 
blood cell transfusions. Again, this ap- 
proach is reserved for those symptom- 
atic with chronic anemia.’ ° 


THROMBOCYTOPENIA 


Thrombocytopenia is a common find- 
ing in patients with AIDS. It is often 
seen early in the course of the disease 
before any other symptoms have be- 
come apparent. More than 40% of the 
patients with AIDS exhibit a thrombo- 
cytopenia.* Megakaryocytes are pre- 
sent in increased number in the bone 
marrow, suggesting that the mecha- 
nism of the thrombecytopenia is the 
peripheral destruction of platelets. 
Platelet-bound IgG, complement and 
immune complexes are substantially in- 
creased in these patients. The peripher- 
al destruction is usually moderate, less 
so than in idiopathic autoimmune 
thrombocytopenia. Because the platelet 
counts are rarely low enough to cause 
bleeding, transfusion of platelets is re- 
quired only oecasionally. At Memorial 
Sloan-Kettering Cancer Center, 89 pa- 
tients received 1437 U of platelets or a 
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Table 1.—Alloantibodies Detected in 
630 Patients With Acquired 
Immunodeficiency Syndrome* 


Antibody No. of Patients 


Auto Anti | 
Anti IH 

Anti WBC 
Anti Le* 

Anti P, 

Anti M 

Anti E, K, Lu? 
Anti E, WBC 
Anti K 

Anti A, 

Anti Sd* 
Total 


*Ten percent of the patients tested had antibodies 
compared with 6% with antibodies in our overall pa- 
tient population. 


mean of 16 U per patient. In addition, as 
with all thrombocytopenias due to pe- 
ripheral destruction of platelets, there 
is a skewing of the age population of 
platelets in favor of young, hemostati- 
cally more effective cells. Whereas 
a patient with a platelet count of 
20 x 10°/L with acute leukemia or aplas- 
tic anemia will have a grossly abnormal 
bleeding time, bleeding time is much 
shorter in patients with idiopathic 
thrombocytopenic purpura or thrombo- 
cytopenia secondary to AIDS. 

Because most hemophiliacs have be- 
come infected with human immunodefi- 
ciency virus-I,’ their coagulation defect 
often is complicated by thrombocytope- 
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No. of Patients Poly Specific 


Table 2,—Results of Direct Antiglobulin Test in 630 Patients With Acquired 
immunodeficiency Syndrome * 





Character of Coating 


Complement 3 
NT 


+ 
+ 


e 


* A total of 121 (19.2%) of 630 patients had a positive direct antiglobulin test. Further complement testing 
revealed the character of the coating. Pilus indicates a positive test result; minus, negative test result; and NT, 


not tested. 


nia. Goldsmith and Kisker’ pointed out 
that these hemophiliac patients can be 
treated conservatively. They rarely re- 
quire platelet transfusion. Corticoste- 
roid therapy and splenectomy are 
immunosuppressive and should be used 
only in extreme circumstances in pa- 
tients susceptible to opportunistic infec- 
tion.” An approach successfully used is 
the transfusion of large quantities of in- 
travenous gammaglobulin.” 

Although neutropenia is common in 
the late stages of AIDS, it is almost 
never sufficiently acute and severe to 
warrant granulocyte transfusion. 


1. McCarty MF. A general strategy for use of 
allogeneic lymphocyte infusions in the treatment of 
disorders characterized by impaired helper or sup- 
pressor T-cell function: autoimmune diseases and 
the acquired immunodeficiency syndrome (AIDS). 
Med Hypotheses. 1985;16:189-206. 

2, Lane HC, Masur H, Gelmann EP, Fauci AS. 
Therapeutic approaches te patients with AIDS. 
Cancer Res. 1985:45:467s-467s. 

3. Lane HC, Masur H, Longo DL, et al. Partial 
immune reconstitution in a patient with the ac- 
quired immunodeficiency syndrome. N Engl J 
Med. 1984;311:1099-1103. 
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GRAFT-VS-HOST REACTION 


Transfusion of cellular products to 
immunodeficient recipients may result 
in engraftment. This in turn may cause 
severe, even fatal, graft-vs-host dis- 
ease. These observations were made in 
patients with cancer who received large 
doses of cytotoxic chemotherapy and in 
neonates who undergo blood transfu- 
sion. Those infected with the human 
immunodeficiency virus are probably 
similarly susceptible. To date, no signif- 
icant reports of this occurrence have 
been published. The reason may be that 
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in many centers where these patients 
are treated, all blood products trans- 
fused to patients with AIDS undergo 
prior irradiation. Although this proce- 
dure seems logical and in itself harm- 
less, it has not been proved necessary 
and may be an unnecessary expense. 


CONCLUSION 


Cytopenias are found commonly in 
patients infected with the human immu- 
nodeficiency virus. Thrombocytopenia 
due to peripheral destruction of plate- 
lets is an early manifestation. Normocy- 
tic anemia and neutropenia are late 
manifestations. Transfusions are re- 
quired when symptoms become severe. 
Therapeutic trials may be accompanied 
by further marrow suppression also re- 
quiring transfusion. Empirically, many 
centers irradiate blood products to pre- 
vent possible graft-vs-host reaction in 
the immunologically compromised re- 
eipient. Attempts to correct the defi- 
ciency of helper T cells and marrow 
transplantation have so far been 
ineffective. 
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The Significance of HIV-1-! 





Western Blot Results 
in Blood Donor Populations 


Steven Kleinman, MD 


è Until recently it has been difficult 
to counsel blood conors with human 
immunodeficiency virus-1 (HIV-1)— 
indeterminate Western biot results 
due to a lack of information concern- 
ing the significance of this finding. 
Reports from several investigators 
have provided laboratory, epidemio- 
logic, and prospective follow-up data 
that have clarified the potential sig- 
nificance of this laboratory finding. It 
has been established that the band 
patterns observed in an HIV-1—inde- 
terminate Western blot result are 
important in predicting the signifi- 
cance of the result; specifically, the 
absence of p24 or envelope glycopro- 
tein reactivity hes not been associ- 
ated with HIV-1 infection, whereas the 
presence of p24 reactivity has in- 
frequently been the first sign of 
HIV-1 seroconversion. These data 
provide the basis for formulating pol- 
icies concerning the notification and 
counseling of blood donors with 
HIV-1—indeterminate Western biot 
patterns. 

(Arch Pathol Lab Med. 1990;114: 
298-303) 


D uring the initial stages of imple- 
mentation of anti-human immuno- 
deficiency virus, type 1 (anti-HIV-1) 
testing, the Western blot assay was re- 
garded as the contrmatory laboratory 
procedure that coulc definitively estab- 
lish whether or net a positive anti-HIV- 
l enzyme immunoassay (EIA) screen- 
ing test resu.t represented true 
exposure to HIV-1. However, it soon 
became apparent that there were in- 
stances where the Western blot did not 
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yield a definitive interpretation. ” Thus, 
the category HIV-1-mdeterminate 
Western blot result was established to 
characterize specimens that showed re- 
activity insufficient to be interpreted as 
diagnostic of HIV-1 infection. 

Recently, the Centers for Disease 
Control, Atlanta, Ga, defined revised 
criteria for a positive HIV-1 Western 
blot result.* These eriteria state that 
reactivity must be present to at least 
two of the following three antigeas: p24, 
gp41, and gp120/160. In the sams publi- 
cation, a negative Western blot result is 
defined as the absence of all bards. An 
indeterminate Western blot result has 
therefore been defined as any pattern 
that does not fit the definition of a posi- 
tive or negative result. 

Data accumulated ever the las: sever- 
al years indicate that the significance of 
an HIV-l-indeterminate Western blot 
result is dependent on the observed 
band pattern. ** By studying serial sam- 
ples collected from high-risk individuals 
undergoing HIV-1 seroconversion, it 
has been demonstrated that reectivity 
to p24 (with or without other gae or pol 
reactivity) can be the first detectable 
evidence of exposure to HIV-1 when 
using Western blot technology.” in con- 
trast, an indeterminate pattern without 
reactivity to p24 has not been associated 
with seroconversion except in ome case 
in Italy (see below)” Therefore, differ- 
ent patterns of reactivity in HI’/-1-1n- 
determinate Western blot resul:s may 
lead to different strategies in notifying 
and counseling individuals witk these 
test results. 

Research studies to assess the signifi- 
cance of EILA-positive, H]V-1-indeter- 
minate Western blot results heve at- 
tempted to elucidate whether such a 
result: (1) is indicative of HIV-1 infec- 
tion; (2) is, in fact, due to reaetivity 
against antigens of HIV-1 and is not a 
result of a particular laboratory meth- 
od; (8) is persistent or transient; (4) is 
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ndeterminate 


indicative of infection with another 
known retrovirus, such as HIV-2 or hu- 
man T-cell lymphotropic virus, type I/I 
(HTLV-L/ID; and (5) is related to in- 
fection with a currently unknown 
retrovirus. 


FREQUENCY OF EIA-POSITIVE, 
HIV-1-INDETERMINATE WESTERN 
BLOT FINDINGS IN BLOOD DONOR 

POPULATIONS 


The frequency of ELA-positive, HIV- 
l~indeterminate Western blot reactiv- 
ity in blood donors varies depending on 
the choice of ETA and Western blot re- 
agents. This is well illustrated by the 
experience at the American Red Cross, 
Los Angeles-Orange Counties Blood 
Services Region, Los Angeles, Calif, as 
reported in Table 1. In 1986 and 1987, 
utilizing an ETA test kit prepared by 
Genetic Systems Corp, Seattle, Wash, 
and a Western blot with the same HIV-1 
antigen, 0.18% of donors had ELA-posi- 
tive, HIV-l-indeterminate Western 
blot results. It is of interest to note that 
these high rates were found when an 
EIA kit that was sensitive to HIV-1 
viral core reactivity was used in con- 
junction with a Western blot system 
with an identical antigen. In contrast, 
using a different set of EIA and West- 
ern blot reagents from 1987 through 
1989 (EIA from Abbott Laboratories, 
North Chicago, Ill, and Western blot 
assay from DuPont/Biotech, Rockville, 
Md), the annual rate ranged from 
0.005% to 0.014%. With the Genetic 
Systems Corp reagents, 53% of the in- 
determinate results had a band at p24; 
subsequently, only 25% of indetermi- 
nate results had such a finding. There- 
fore, the use of differing sets of reagents 
resulted in a 25-fold decrease in the 
number of ETA-positive, HIV-1~inde- 
terminate Western blot findings and a 
more than 50-fold decrease in ETA-posi- 
tive, HIV-l~indeterminate Western 


HIV-1~-Indeterminate Western Blots— Kleinman 








Western 
Blott 
Method 


























: ~ Jackson | etal? 1989 


Van der Poel et al, 1989 


oe studies of Blood Donors With HIV-1-Indeterminate Western Blot Results * 


Study Site 
Los Angeles, Calif 


Minneapolis-St Paul, Minn _100 

“Mozzi et al,” 1988 Milan, Italy 64 

Letrere et al; 1988 Paris, France 22 

Dock et al,"? 1988 Syracuse,NY 20 
Ferroni et.al," 1988 Milan, italy 


The Netherlands 


Table 1.—Frequency of EIA- Positive, HIV-1- indeterminate Western Biot Findings in Blood Donors at American Red Cross 
Blood Services, Los Angeles-Orange Counties Region * 


HIV-1~Positive 
EIA Results With 
HiV-1-indeterminate 
Western Biot Resuits, % 


HIV-1-Positive 
EIA Rate, % 





$GSC i indicates ‘Genetic Systems AO ‘Seattle, Wash; ABB, pea Laboratories, North Chicago, lil; and DUP, DuPont/Biotech, Rockville, Md. 





No. of Donors With 
Follow-up Sampling 


160 





*HIV-1 indicates human immunodeficiency virus, type 1. 


blot ündings with detectable p24 
reactivity, 
i If HIV-1 Western blot testing is done 
< zon a blood donor population that is not 
presereened by anti-HIV EIA testing, 
the rate of indeterminate results may be 
extremely high. For the DuPont/Bio- 
tech Western blot assay, licensed by the 
Food and Drug Administration, the in- 
determinate rate has been reported as 
15%." This high rate far exceeds the rate 
of HIV-1 infection in the general popula- 
tion, providing evidence that such reac- 
tivity is often due to confounding 
factors. 
If HIV-l-indeterminate Western 
blot reactivity were significantly associ- 

















sepa expect * to see fei varia- 


ee be the} National Red epee In- 
fectious Disease Laboratory Reference 
Laboratory, which has accumulated 
data f from n 56 a Daa blood service re- 
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_ ated with retrovirus infection, one | 


to the reference laboratory for stan- 
dardized Western blot testing. It is of 
note, therefore, that there has been no 
significant geographic variation noted 
by region, even when high-incidence 
and low-incidence HIV-1 regions are 
compared. 


STUDIES OF BLOOD DONORS 
WITH HIV-1-INDE TERMINATE 
WESTERN BLOT RESULTS 


It has been previously established by 
studies of individuals with HIV-1 risk 
factors that the Western blot shows re- 
activity to p24 in the absence of glyco- 
proteins early in the course of HIV-1 
seroconversion.” To my knowledge, 
there have been no reports in the litera- 
ture from studies of persons at high risk 
for HIV-1 infection that found evolution 
to a positive Western blot result unless 
the indeterminate blot showed p24 
reactivity. 

_ As indicated in Table 2, at least seven 
groups of investigators have performed 
studies that involved follow-up sam- 
pling of blood donors with HIV-1-inde- 
terminate Western blot results.” Al- 
though I will present some of these 
results in aggregate, it must be recog- 
nized that there are methodologic diffi- 
culties with this approach since some of 
the investigators used different HIV-1 
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EIA-Positive, 4 

HIV-1- HI¥Y-1~indeterminate į 
indeterminate Western Biot 
Western Results With 


p24 Reactivity, % 


Diman niyan airman paama 


Biot Rate, % 


EIA and Western blet methods. In to-. 
tal, follow-up samples were obtained 
from 383 blood donors. Approximately- 
one third of these study subjects resided 
in areas where the HIV-1 infection rate ` 
in the geographic region at the time of 
sample collection was extremely low... 
Eight donors developed characteristic 
positive Western blo: results. Seven of 
these 8 showed p24 reactivity (with or 
without other bands) as part of their 
initial indeterminate Western blot re- 
sults. However, an eighth donor, re- o ă 
ported by Italian investigators using 
their own Western blot antigen prepa= 
ration, showed reactivity to p17, pr34, 
and p55.’ Because these investigators 
did not use standardized reagents that 
are routinely used in the United States, 
I believe this single occurrence is insuf- 
ficient to alter the conclusion that unless 
an indeterminate Western blot shows 
p24 reactivity, it will not evolve into a 
characteristic HIV-I-seropositive pat- 
tern. : 
Most of these follow-up seropositive 
samples were obtained from 8 to 32... 
weeks after the initial indeterminate. 
Western blot results. Because closely... 
spaced serial samples were not obtained 
from these donors, the results cannot be - 
used to determine the time required to- 
evolve from an indeterminate Western 
blot result to a characteristic seroposi- 
tive pattern. | 
Interviews were conducted with 7 of 
the 8 seroconverting blood donors. Six- 
were reported to have risk factors for 
HIV-1 infection. Interviews with 270. - 
blood donors who had persistent inde- 
terminate findings without seroconver- 
sion revealed that 8 had risk factors for 
HIV-1 infection. Therefore, the pres- 
ence of a risk factor was not a good 
predictor of whether a given donor with 
an indeterminate pattern would go on to 




















Table 3.—Evaluation ef Blood Donors With Persistent HIV- 1-Indeterminate Western Blot Results’ 


No. of 
Source, y 
dackson et al. 1089 


Blood Donors 


And SAS itin EN REIT RR At AE tt Na lr 


HiIV-1~indeterminate 
Western Biot Ai 


PAAIE irapada r aa i n a 


Results tor 


Tests Used HIV-1 Infection 


Anan RAMU Ane tone erty RIO YAP Het Nettie hearer Tera SNe rai NAA e Sa 


PODI 7p a anaa 


Nee verre ETA TANANAN AA RA ie HEE ANAA AANA An Lhaa maamangia A AA O e a AR SARC GOS a Ra ae 


A NGL LEAN IA EEL LAD A AAAI AAACN NEN oC AATEC CTE A A AEA HATCHER aaan tt thf aaan AAAA AAAA ERN eateries yr stn abt hierar a a 


Dock et al, 1988 


show evidence of HIV-! seroconver- 
sion. The absence of a risk factor had 
greater predictive value but was still 
not definitive. Tkese observations are 
relevant to notifieation and counseling 
policies. 


ABSENCE OF HIV-1 INFECTION 
IN DONORS WHO DO NOT DEVELOP 
CHARACTERISTIC POSITIVE 
WESTERN BLOT RESULTS 


The initial conehasion that HIV-1-in- 
determinate Western blot findings are 
not indicative of HIV-1 infection was 
supported when they did not evolve into 
characteristic serepositive patterns 
within 2 to 10 months. However, ques- 
tions about a prolonged latency period 
for HIV-1 infeetion have made these 
findings somewhat less conclusive than 
originally thought.” Several studies 
have indicated thet incividuals at high 
risk for HIV-1 infection may show per- 
sistent Western biot p24 reactivity for 
months to years at a time when HIV-1 
nucleic acid can ke deteeted by polymer- 
ase chain reaction assay.” However, it 
must be noted that individuals detected 
in research studies differ from blood do- 
-Bors in that their Western blot reactiv- 
<. ity is associated with a negative anti- 
-TV-1 EIA screening result, a situation 

that would not arise using the blood do- 
nor testing algorthm. Nevertheless, 
confusion causeé by such findings has 
made it imperative to confirm that lack 
of evolution to HIV-1. seropositivity 
- within an interval ef several months re- 
_ flects the absence ef HIV-1 infection. 
Several. investigators: have evaluated 
blood donors with HIV-1-indetermi- 
nate Western blot results by direct tests 
for HIV-1 genomic material, "4" 
-Techniques utilized, as indicated in Ta- 
ble 3, have included HIV-1 antigen 
tests, HIV cultures. and HIV-1 poly- 
- merase chain reacticn assay. A total of 
u donors, most of whom had p24 reac- 






























*HIV-1 indicates human immunodeficiency virus, type 1. 








Not specified Culture 


tivity in the Western blot assay, had 
negative polymerase chain reaction as- 
say results for HIV-1. These findings, 
though based on a small sample size, 
strengthen the conclusion that donors 
with persistently indeterminate West- 
ern blot patterns are not infectad with 
HIV-1. 


REACTIVITY DIRECTED 
AGAINST HIV-1 ANTIGENS. 
IS NOT USUALLY A LABORATORY 
ARTIFACT 


Multiple lines of evidence indicate 
that a significant percentage cf HIV- 
l-indeterminate Western blot findings 
are not a result of faulty Western blot 
assays. Follow-up samples obtained 
from 250 blood donors showed that 90% 
continued to have indeterminate West- 
ern blot findings at intervals ranging 
from 2 months to almost 3 years, despite 
the fact that only 58% of these blood 
donors had persistently positive EIA 
test results." In one series, 31% of 
blood donors with HIV-1-indetermi- 
nate Western blot results using one 
manufacturers antigen preparation 
demonstrated similar findings when an- 
alyzed utilizing a Western blot antigen 
prepared from a different HIV-1-in- 
fected cell line.” Test systems that use 
recombinant HIV-1 proteins as anti- 
gens have further demonstrated that, 
in the majority of cases, indeterminate 
Western blot reactivity can be attribut- 
ed to an antibody in the patients serum 
that binds to epitopes coded by genes of 
HIV-1. Three separate investigators 
have demonstrated that 45% to 39% of 
indeterminate samples are reactive 
when recombinant gag proteins are 
used.“"* It appears, therefore, that 
such HIV-l-indeterminate Western 
blot samples can be separated into two 
categories: (1) Some findings appear to 
be laboratory artifacts. Reactivity in 
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Negative 





such samples may be due to the particu- 
lar Western blot antigen preparation 
used, the ETA test used, lot-to-lot varia- 
tion in test kits, or a transient phenome- 


non in the doner’s sera. (2) Some find- 
ings are due to reactivity to HIV- 
l-~eneoded proteins. Further studies 
have not established the reason for such 
reactivity in donor sera. 


HIV-1-INDETERMINATE WESTERN 
BLOT FINDINGS AND THE 
POTENTIAL FOR OTHER 
RETROVIRAL INFECTIONS 


Because of partial homology and sero- 
logic cross-reactivity between the core 
and polymerase proteins of many ret- 
roviruses, it has been hypothesized 
that blood donors with HIV-1-indeter- 
minate Western blot results may be in- 
fected with a different retrovirus. ” Sev- 

eral investigators have assayed sera 
with HIV-1l-indeterminate Western 
blot findings for reactivity against HIV- 
2 or HTLV-II" While one group 
of investigators found indeterminate 
Western blot reactivity for HIV-2 and 
HTLV-I/TI in some donor samples," the 


_ remaining groups of investigators found 


no evidence of HIV-2 or HTLV-I/II in- 
fection. No examples of blood donors 
with clearly positive HIV-2 or HTLV- 
L/H infection were identified in any of 
these studies. 

It is more difficult to evaluate the 
hypothesis that HIV-1-indeterminate 
Western blot findings are caused by 
cross-reactivity to a so-far unidentified 
retrovirus. Investigators in Syracuse, 
NY, have suggested, based on a per- 
centage of HIV-1-indeterminate blood 
donors giving a history of drinking un- 
pasteurized milk or working on a dairy 
farm, that such cross-reactivity might 
be due to exposure to bovine leukemia 
virus.” While such a suggestion is in- 
triguing, it must be pointed out that 
comparison history data for potential 
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CHIV- -indeterminate 
Group ` -= © Western Biot Pattern 
= 7 poe plus gp 120/160, gp41 
plus gp 120/160, gp41 
o ony, gp 120/160 only 











2 ` p24 only, p24 plus other 
-gag proteins, p24 plus 
-pol proteins 











p31, p51 p55, p66, 
-ahd nonviral bands, 
pls “occurring singly or in 
-o-eombination 


bovine exposure were not provided for a 
group of control blood donors with HIV- 
1-negative findings on EIA. 
The best approach to testing the hy- 
pothesis. of infection with an unknown 
-.. retrovirus would be to assess whether 
<- HIV-1-indeterminate 
transmissible. Two known modes of re- 
troviral transmission are the sexual 
route and blood transfusion. Therefore, 
studies of sexual partners of blood do- 
nors with HIV-1-indeterminate West- 
ern blot results and/or recipients of 
blood products with HIV-1-indetermi- 
nate Western blot results might provide 


data with which to evaluate this hypoth- i 


esis, Such studies would require that 
sexual partner or transfusion recipient 
samples be evaluated with the same or 
similar HIV-1 Western blot techniques 
<= as were used for detection of the original 
-> HIV-1-indeterminate subjects. Mozzi 
et.al,” using the DuPont Western blot, 
evaluated ‘sexual partners of 19 blood 
donors ‘with HIV-1-indeterminate 
Western blot results and found 2 with 
indeterminate reactivity." This 10.5% 
indeterminate rate is less than the 15% 
reported in the Dupont Western blot 
product insert for screening of an anti- 
~HIV-1, ElA-negative blood donor 
population.” These same authors per- 
formed HIV-1 Western blot testing on 

34 recipients of blood products donated 
several months previously by 19 blood 
donors with HIV-1-indeterminate 
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Table 4.—Notification Strategies for Blood Donors With HIV- 1-Positive EIA Results 
ES and HIV- 1-indeterminate Western Blot Results * 


interpretation 
Possibly infected 
with HIV-1 


Possibly infected 
with HIV-1, but 
low likelihood 


Not infected 
with HIV-1 


* HIV 4 indicates human immunodeficiency virus, type 1; EIA, enzyme immunoassay. 


reactivity . is. 












Notification and 
Counseling Strategy 


Notify blood donor of high likelihood 
of HIV-1 infection, counsel as if 
donor is infected with HIV-1, 
obtain follow-up sample for 
reevaluation 


Notify blood donor of low likelihood 
of HIV-1 infection; the presence 
of a risk factor for HIV-1 may 
increase the probability of 
infection. Obtain follow-up 
sample for reevaluation. 
Recombinant protein or synthetic 
peptide EIA tests on the initial 
sample may provide additional 
counseling information 


Notify blood donor that findings 
indicate an absence of HiV-1 
infection, inform donor that he or 
she is not currently eligible for 
donation, no counseling or 
follow-up sampling is necessary 






























Western blot findings who were HIV- 


l-negative on EIA at the time of their 
-previous 


donation. However, they 
failed to indicate whether any HIV- 
l-indeterminate patterns were ob- 
served in recipients, stating only that 
there was an absence of seroconversion. 
A second study of the transmissibility of 
HIV-1-indeterminate Western blot re- 
activity to blood transfusion recipients 
was performed by Van der Poel and 
colleagues." In this study, 10 recipients 
of blood products from 6 donors with 


-HIV-1 p24 reactivity on Western blot 


assay were tested. Seven recipients had 


negative Western blot results, while 3 
had p24 reactivity. However, these 3 


recipients had the same p24 reactivity 
detected in their pretransfusion blood 


sample, The authors concluded, based 


on their small number of cases, that 
HIV-1l-indeterminate reactivity does 
not represent infection with a transmis- 
sible agent, such as an unknown 
retrovirus. 


TENTATIVE CONCLUSIONS 
AND LIMITATIONS OF THE DATA 


Observations made in serial sampling 
of cohorts of high-risk individuals com- 
bined with additional observations 
made in follow-up sampling of blood do- 


-nors with HIV-l-indeterminate West- 


ern blot results have combined to pro- 


vide a relatively clear picture of the 


significance of HIV-1-indeterminate 


available from sexual and blood transfu- 
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Western blot findings, On the basis of 
these data (not all presented in this re- 
view), it seems reasonable to classify — 
HIV-1l-indeterminate Western blot 
findings obtained in asymptomatic pop- 
ulations into three major groups s (Tabl 
4): 

1. Some band patterns are associa 
with a high probability of HIV-1 infec 
tion. These patterns include p24 plus: 
2p120/160, gp41 plus gp120/160, and iso- 
lated gp41 or isolated gp120/160. In fact, : 
according to recent recommendations 6 
the Centers for Disease Control, the 
first two patterns weuld be classified as. 
HIV-1 seropositive.” While this inter- 
pretation is most likely true in the ma= 
jority of cases, an occasional case has 
been observed in which a characteristic 
seropositive pattern cannot be found on 
follow-up sampling. : 

2. Some band patterns have some- a ao 
times been associated with HIV-1 sero- > 
conversion. In asymptomatic popula- 
tions such as blood donors, while these 
patterns may occasionally be indicative . 
of seroconversion, they are almost ale | 
ways associated with a lack of progres- 
sion to a characteristic positive Western 
blot result.” Examples of this type of 
pattern are p24 alone, p24 plus p55, p24 
plus p17, p24 plus polymerase gene 
products, and other combinations of the 
same bands. 

3. Some band patterns have not been 
associated with HIY-1 seroconversion 
in a well-documented serial sampling of 
seroconverters. Examples of such pat- 
terns are p17 alone, p55 alone, p17 and 
p55, p16 or p55 in association with poly- 
merase gene products, isolated poly- 
merase gene product reactivity, and re- 
activity at molecular weights not 
associated with known viral proteins. ` 

Persons who have been identified as. 
EIA-positive and who subsequently 
show persistent HIV-1~indeterminate 
Western blot results do not appear to be 
infected with HIV-1. In addition, there 
is no evidence to suggest that such indi- 
viduals are infected with either HIV-2- 
or HTLV-II. The carrent limited data 




























sion transmission studies argue against 
the hypothesis that HIV-1~indetermi- 
nate Western blot reactivity is indica- - 
tive of infection with an unknown retro- 
virus. While these eonclusions are: 
suggested by the available data, it must — 
be recognized that these data do not 



























































provide definitive answers. One obvi- 
ous limitation of the data is the small 
number of samples that have been ana- 
lyzed. Second, if persist HIV-1-in- 
determinate Western blot reactivity is 
only infrequently associated with infec- 
tion with HIV-1 or another retrovirus, 
the association might not have been ob- 
served in the reported studies. It is un- 
likely that this possibility can be abso- 
lutely excluded by testing the small 
number of HIV-1-indeterminate per- 
sons in blood donor populations; in- 
stead, it would be necessary to test a 
_ group of persons at high risk for HIV-1 
infection who have persistently HIV- 


j-indeterminate Western blot results. 


DONOR NOTIFICATION 
Use of Supplementary Tests 
to Analyze the HfV-1-indeterminate 
Western Biot Sample 








Although p24 reactivity is the first 
sign of HIV-1 seroconversion when the 
Western blot method is used, it has been 
demonstrated that antibodies to enve- 
lope antigens appear concurrently and 
can be found utilizing 1 methods that opti- 
mize their detection.” This observation 
raises the question of whether the appli- 
cation of an additional confirmatory test 
_ to the initial sarapie could resolve the 
- HIV-1-indeterminate Western blot re- 
sult. Two such confirmatory tests are 
radioimmunoprecipitation and immuno- 
fluorescence (IF), While it has been sug- 
gested that the radicimmunoprecipita- 
-tion might be definitive in these 
circumstances, oniy a few specimens 
- have been tested, and sufficient follow- 
up data are lacking." Furthermore, ra- 
_dioimmunoprecipitation testing is ex- 
ensive, and, due to its complexity, not 
sutinely availabe. Immunofluores- 
cence testing has been more systemati- 
cally evaluated." ib one study, 1E was 


‘with HIV-1 p24 a on Westerh 
blot. The IF test was helpful but not 
definitive in discriminating the p24 
bands associated with subsequent sero- 
‘conversion from those that remained 
persistently indeterminate. Results of 
) e positive in 2 serocon- 
verters and nonsvecifie in 2 others, 
whereas findings were negative in 87 
nonseroconverters and nenspecific in 
the remaining 2. Although these results 
‘suggest that IF testing may help to de- 
ine whether HIV-1 infection oc- 











curred in the majority of cases, it must 
be recognized that this limited experi- 
ence was obtained using one central lab- 

oratory experienced in performing this 
technique. Adopting IF for more wide- 
spread use could be limited by consider- 
ations of test performance in less-expe- 
rienced laboratories and by issues of 
test standardization. 

The most feasible approach fer sup- 
plementary testing of HIV-1-indeter- 
minate samples is to use ELA methods 
that employ recombinant envelope pro- 
tein antigens.” This method offers the 
advantages of ease of performance, a 
standardized methodology, and poten- 
tial widespread availability. Neverthe- 
less, relatively few data using tais ap- 
proach have been published. Perhaps 
studies have been limited by the scarci- 
ty of HIV-1-indeterminate samp:es col- 
lected from blood donors later cemon- 
strated to evolve to HIV-1 
seropositivity. To date, two grcups of 
investigators have evaluated ervelope 
recombinant assays. They were able to 
obtain positive results from 4 donors 
who later went on to seroconvert and 
negative results from 38 donors who had 
persistently indeterminate results.” 
Many more samples will need to be stud- 
ied before such an approach can de con- 
sidered efficacious. 


Notification Recommendations 


In July 1989, the Centers for Disease 
Control recommended that persons 
with HIV-1l-indeterminate Western 
blot results be retested after 6 months, 
and in the absence of both a characteris- 
tic seropositive Western blot pattern 
and HIV-1 risk factors or symptoms, 
they “should be reassured that they are 
certainly not infected with HIV-1.”" 

In my opinion, several important 
modifications of the recommendations 
of the Centers for Disease Control 
should be considered with regarc to no- 
tification of blood donors. First, the 
strategy for notifying such individuals 
should be based on the particular band 
patterns detected. My approach to noti- 
fication is outlined in Table 4. Persons 
with group 1 HIV-1-indeterminate pat- 
terns need to be informed of the high 
likelihood of HTV-1 infection and should 
be counseled as if they are HIV-1 sero- 
positive. A follow-up sample sheuld be 
obtained and reevaluated by HIV-1 
Western blot. 
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The approach toward blood donors 
with group 2 HIV-1-—indeterminate pat- 
terns should involve a different mes- 
sage than that given to donors with 
group 1 patterns. These donors should 
be informed that while there is a possi- 
bility that they have been infected with 
HIV-1, such a conclusion is unlikely in 
the event they have not engaged in ac- 
tivities associated with a high risk for 
HIV-1 infection. This message should 
provide some reassurance to the vast 
majority of group 2 donors prior to re- 
evaluation of their serologic findings. 
Follow-up testing for HIV-1 by EIA 
and Western blot should be performed. 
Blood centers may elect to assume the 
responsibility for such follow-up testing 
or in some cases may urge blood donors 
to obtain such testing through their own 
physicians or community resources. 

It may be reasonable to further modi- 
fy the approach to notification of group 2 
blood donors based on further evalua- 
tion of the initial indeterminate West- 
ern blot sample using HIV-1-recombi- 
nant reagents. Ifthe donor has negative 
results for antibodies to both p24 and 
envelope gene products, the donor 
could be more definitively reassured 
that HIV-1 infection is not present. If 
the donor has positive results for both 
p24 and envelope gene products, the 
counseling message should be similar to 
that for the group 1 donor with indeter- 
minate results. If the donor shows reac- 
tivity to gag gene products in the ab- 
sence of envelope reactivity, these 
findings could be used to provide addi- 
tional assurance to the donor that HIV- 
1 infection is not present. However, at 
present, it would still be necessary to 
verify this conclusion with Western blot 
testing on a follow-up sample. 

The following approach to notification 
and counseling of HIV-1-indeterminate 
group 2 blood donors has been effective 
at my institution. The donor is notified 
of the test result at a personal interview 
session, and the findings are explained 
with the aid of diagrams and illustra- 
tions. A detailed HIV-1 risk factor as- 
sessment is performed, and the donor is 
told that the responses will help to de- 
termine the probability of infection with 
HIV-1. Although the donor is told that 
no firm conclusions can be drawn until 
the results of follow-up testing are ob- 
tained, the donor is given the most like- 
ly interim interpretation of the test re- 
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sults. If there is no admission of HIV-1 
risk factors, the donor is told that many 
donors have had similar findings and 
that progression to a pattern character- 
istic of HIV-1 infection has been ex- 
tremely rare. The donor is advised that, 
until results from a follow-up sample are 
obtained, the donor may wish to be cau- 
tious in sharing the test results with 
others, since the potential for misunder- 
standing their significance is great. 

Volunteer blood donors with HIV- 
l~indeterminate group 3 patterns 
should be considered to be no different 
from persons who have anti-HIV, EIA- 
positive, HTV-l-negative Western blot 
results. These people should be reas- 
sured, based on the test results, that 
they are not infected with HIV-1. No 
follow-up testing is necessary. As of 
September 1989, such individuals are 
not eligible for future blood donations 
according to Food and Drug Adminis- 
tration regulations and should be in- 
formed of this fact.” 

A second potential alteration of the 
recommendations of the Centers for 
Disease Control would be to adopt a 
shortened follow-up interval for sero- 
logic reevaluation. The choice of a 6- 
month follow-up interval is most likely 
based on data that indicate that HIV-1 
seroconversion will occur at a mean of 2 
to 3 months following exposure and will 
have almost certainly occurred within 6 
months in all HIV-1~infected blood do- 
nors. However, these seroconversion 
data do not pertain to the ELA-positive, 
HIV-1-indeterminate Western blot se- 
rologic findings detected in blood do- 
nors but rather to the time for progres- 
sion from a negative anti-HIV-1 EIA 
test to a positive HIV-1 Western blot 
result. It seems reasonable to assume 
that, if antibody is already present in a 
concentration high enough to result in a 
positive anti-HIV-1 EIA test with an 
indeterminate Western blot result, the 
interval to development of a positive 
Western blot would be shorter than 6 
months. Published data support this 
theoretical argument. A panel of sera 
collected at intervals of several days 
from four seronegative individuals un- 
dergoing HIV-1 seroconversion has 
been evaluated using EIA and Western 
blot kits from multiple manufacturers.” 
The maximum period from the earliest 
positive EIA test to the most delayed 
positive Western blot result was 4 
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weeks. These data support the premise 
that a serologic reevaluation of a blood 
donor can be performed sooner than 6 
months; I recommend 2 to 3 months as a 
routine policy. Shortening the reevalua- 
tion interval is extremely important to 
lessen the considerable anxiety felt by 
some persons who are informed that 
their serologic status with regard to 
HIV-1 infection is unclear. 

A third point of departure from the 
recommendations of the Centers for 
Disease Control is whether, after fol- 
low-up sampling, donors can be defini- 
tively reassured of the absence of HIV-1 
infection. The approach adopted is de- 
pendent on one’s philosophy. My expe- 
rience has indicated that some individ- 
uals have a high quota of anxiety that 
will not be allayed unless definitive re- 
assurance is provided. I believe that a 
notification policy should be based on 
currently known data; since the data 
indicate that donors with persistent in- 
determinate findings have not been in- 
fected with HIV-1, I believe this mes- 
sage should be strongly stated. If future 
information shows this not to be the 
case, notification policies for subse- 
quently identified blood donors with 
HIV-1-indeterminate findings may be 
altered to provide a more flexible inter- 
pretation of the significance of the 
findings. 

In summary, notification, counseling, 
and follow-up testing policies for blood 
donors with ETA-positive, HIV-1—inde- 
terminate Western blot results should 
be formulated to provide donors with 
the best possible explanation of the sig- 
nificance of their findings while at the 
same time minimizing unnecessary 
anxiety.” 
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Confidentiality and Informed Consent 


and the Acquired Immunodeficiency 


Syndrome Epidemic 


Susan L. Lentz, JD 


è The acquired immunodeficiency 
syncrome epidemic has led to signifi- 
cant medicolegal concerns in the ar- 
eas of informed consent and confi- 
dentiality. These legal concepts are 
directed at preserving respect for in- 
divicual autonomy and privacy in the 
face of the epidemic. Emerging legai 
doctrines and issues related to con- 
sent.and confidentiality are outlined, 
and areas where the laboratory may 
develop procedures and policies in 
lightof the doctrines are suggested. 

(Arch Pathol Lab Med. 1990;114: 
304-308) 


A mong the repercussions of the ac- 
quired immunodeficiency syn- 
drome (AIDS) pandemiz in the medico- 
legal arena, questions about. informed 
consent and issues of confidentiality 
have emerged as significant concerns. 
Informed consent is an important issue 
from the time that testing of an individ- 
ual’s human immunodeficiency virus 
(HIV) status is first proposed. The po- 
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tential impact of a positive test result on 
areas ranging from health to employ- 
ment and insurability makes an in- 
formed decision about testing critical. 
Obtaining appropriate informed con- 
sent is also eritical when a patient is 
treated with a therapeutic agent, such 
as blood or components, that may carry 
even a slight risk of transmitting HIV. 

Like informed consent, confidential- 
ity is an essential aspect of the physi- 
cian-patient relationship, one made 
even more important in light of the stig- 
ma that may unfortunately accompany a 
determination of HIV-positive status. 
Mandatory reporting of the stetus in 
many jurisdictions and possibilities that 
information may be released to insur- 
ers, employers, or others have keight- 
ened worries about breaches of confi- 
dentiality. At the same time, concern 
about actions that will discourage ap- 
propriate use of testing and counseling 
regarding HIV, including unauthorized 
disclosure of test results, makes assur- 
ing confidentiality an important public 
health consideration. 

A pathologist or other physicien may 
encounter a series of questions with le- 
gal implications related to issues of 
HIV, informed consent and confidenti- 
ality, and privacy. One significant set of 
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questions involves the role of the pathol- 
ogist, the treating physician, or others 
in securing informed consent before an 
HIV test is performed. It is critical to 
determine what informed consent 
means in this context and to clarify on 
whom the duty to obtain it rests. Simi- 
larly, where treatment is contemplated 
that carries a risk, however remote, of 
transmitting HIV, questions arise as to 
what obligation exists to secure in- 
formed consent. 

On the other hand, concerns have also 
been raised about the obligations of the 
physician to report a patient’s HIV-ser- 
opositive status. Does the physician 
ever have a right, or a duty, to inform or 
warn others about it? Conversely, what 
duties exist to maintain the confidenti- 
ality of that information? 

Through an examination of relevant 
statutes and case law in several jurisdic- 
tions, this article offers a preliminary 
analysis of the legal policies and con- 
cerns likely to affect the answers to the 
questions noted above. 


INFORMED CONSENT 
The concept of informed consent is 
rooted in the high value our legal system 
places on individual autonomy in deci- 
sion making. As a matter of basic Anglo- 
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American law, a physician or anyone 
else who touches another person with- 
out that person’s consent, even in the 
course of administering beneficial treat- 
ment, could be subject to liability for the 
tort of battery. The idea of informed 
consent goes beyond the protection of 
bodily integrity and the concept of sim- 
ple consent; it requires that, in the case 
of a proposed medical treatment, con- 
sent be grounded on disclosure of all 
reasonably relevant information re- 
garding risks of, benefits from, and al- 
ternatives to the proposed procedure. 
Except in emergencies and a very few 
other limited situations, the doctrine re- 
quires that consent be voluntarily given 
by a competent patient who has been 
fully informed of material risks, bene- 
fits, and alternatives. Failure to secure 
appropriate informed consent can in 
turn subject the physician to the risk of 
a malpractice claim. 

As the court in the landmark case of 
Canterbury v Spence (464 F2d 772 [DC 
Cir 1972]) noted: 


Every human being. . . has a right to deter- 
mine what shall be done with his own body. 
... True consent to what happens to one’s 
self is the informed exercise of a choice, and 
that. entails an opportunity to evaluate 
knowledgeably the options available and the 
risks attendant upon each. 


Part of the underlying rationale of the 
concept is that the physician has a duty 
to share his or her superior knowledge; 
thus, consent may be inadequately in- 
formed if the patient has not been given 
sufficient information. Generally, a 
treating physician has a duty to commu- 
nicate any material information about 
risks of, and alternatives to, a proposed 
procedure. In determining what is ma- 
terial, courts have adopted one of two 
approaches, analyzing disclosure either 
in terms of what information is consid- 
ered significant in the medical commu- 
nity or, increasingly, in terms of a pa- 
tient standard, as measured by what a 
reasonable person in the patients posi- 
tion would consider significant. 

Whatever the standard, failure to 
have secured adequate informed con- 
sent will not ordinarily, by itself, enable 
a patient to prevail in a malpractice or 
negligence lawsuit. Under usual cir- 
cumstances, the patient will also have to 
show that, had he been given adequate 
information about the risks, he would 
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not have proceeded with the treatment, 
and that as a result of the treatment he 
has been harmed or damaged. 

In the context of HIV testing and the 
laboratory, questions immediately arise 
as to the nature and scope of the in- 
formed consent required for the HIV 
test. A second important question is 
who has the responsibility for securing 
that consent. 

With respect to the first question, a 
few commentators have argued that 
specific informed consent is not, and 
should not be, required for HIV testing. 
The argument advanced is that obtain- 
ing consent to draw blood and to per- 
form routine blood tests is sufficient in 
itself and that there is therefore no need 
for specific consent for HIV testing. 
This argument appears to reflect recent 
practice, as evidenced by one study 
showing that consent was obtained and 
documented for only 10% of the tests 
performed in an urban hospital.' The 
argument is based on the contention 
that routine medical practice has for 
years involved a series of blood tests 
without specific consent for each test 
and that the HIV test itself ordinarily 
has no adverse physical consequences 
for the patient.“ 

These arguments, however, miss the 
basic premises underlying the doctrine 
of informed consent, as well as the obvi- 
ous social and personal consequences of 
a positive test: 


If the purpose of the doctrine of informed 
consent is to place the health care decision 
with the patient, . . . then serious social con- 
sequences are just as relevant for the patient 
as physical harms. Reasonably prudent pa- 
tients would regard the potential social con- 
sequences of a positive HIV test as highly 
relevant to the decision to undergo the test. 
... Some patients bear an intolerable psy- 
chological burden when informed that they 
are HIV-positive, particularly if they did 
not even know that they were being 
te ste d. ŽippäT, Se} 


Under this rationale, informed con- 
sent requires informing the individual 
of more than the basic facts about the 
test and the medical implications of a 
positive result. It likely also requires 
addressing some of the psychological 
complications and social and legal conse- 
quences of a positive test, including in- 
forming the individual whether report- 
ing is mandated and to whom the test 
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result may be accessible: 


The social, emotional and financial risks asso- 
ciated with a positive test result are substan- 
tial. Patients may suffer social stigma within 
the hospital. ... Since third-party payers 
generally demand access to the patient’s 
medical records ... a patient’s insurance 
may be cancelled. . . . his employer may also 
have access to the information and the pa- 
tient may lose his job. . . . personal relation- 
ships may suffer. *"” 


Presumably for reasons similar te 


these, legislative or administrative bod- 
ies in a number of states, including Cali- 


fornia, Wisconsin, Hawaii, Massachu- 
setts, New York, Colorado, and others, 
have enacted laws or regulations re- 
quiring informed consent for HIV tes- 
ting.“’"” Even in the absence of an ex- 
plicit state statute or regulation, the 
considerations discussed strongly sug- 
gest the advisability of securing specifie 
informed consent before testing. 

The appropriateness of this approach 
is reinforced by the fact that numerous 
professional organizations that have 
considered the issue have likewise rec- 
ommended implementation of a require- 
ment of informed consent for HIV test- 
ing. For example, the American 
Hospital Association, the American 
Medical Association, and the Presiden- 
tial Commission on the Human Immu- 
nodeficiency Virus Epidemic have all 
made recommendations that HIV test- 
ing be preceded by fully informed con- 
sent. The fact that many professional 
groups have adopted informed consent 
requirements would be highly persua- 
sive evidence in support of a finding that 
testing without consent failed to con- 
form to established standards of 
practice. 

Lawsuits seeking damages for failure 
to secure informed consent, or in fact 
any specific consent at all, are indeed 
beginning to be filed. For example, a 
recent Connecticut case alleges negli- 
gence, invasion of privacy, and emotion- 
al distress resulting from a hospital's 
performance of HIV tests contrary to 
the patient’s request that no such tests 
be performed. Allegedly, the test re- 
sults were even sent to the patient’s 
employer. In the absence of a statute, 
the lawsuit seeks relief under common 
law theories.” 

Assuming that specific informed con- 
sent is required, the numerous risks— 




















social, legal, and emozional—that may 
result from the test imply a discussion 
and counseling process in the course of 
obtaining informed consent. It is ordi- 
narily the health care professional or- 
dering or administering the procedure 
who has the obligaticn te secure the 
consent. In other words, theduty is that 
of the treating physician. Whether lo- 
cated in a hospital or a referral laborato- 
ry, pathologists are usually physically 
removed from the site where the blood 
was drawn; they ordinarily have not es- 
tablished a physician-patient relation- 
ship with the tested individuals and usu- 
ally have no autherity over the consent 
procedure. Under those circumstances, 
it is doubtful that pathologists have sig- 
nificant legal responsibility with re- 
speet to informed consent. However, in 
some Jurisdictions, statutory require- 
ments may be imposec with respect to 
ensuring documentation of informed 
consent before testing of a sample is 
performed. It is unlikely, but not incon- 
eeivable, that similar arguments might 
be advanced even im the absence of stat- 
utory requirements. In amy case, pa- 
thologists may at least cemsider per- 
forming an educational role in terms of 
assisting other health care professionals 
in developing and implementing appro- 
priate consent protocols, 

In the case of transfusicr medicine, 
applicable professional stancards make 
clear what is in any event also the likely 
legal norm: informed consent must pre- 
cede the blood donation.” While the phy- 
sician in charge of the blood bank has a 
direct responsibility for ensuring that 
consent procedures are in place in the 
biood bank, that physician kas little or 
no authority in the other context in 
which informed consent becomes rele- 
vant, ie, prior to transfusion. 

In the present elimate, the prudent 
course of action for a physician advising 
a patient to undergo a precedure that 
may invelve transfusion is te discuss the 
risks of transfusion-transmitted dis- 
ease, including AIDS. Claims have al- 
ready been made in a number of law- 
suits regarding transfusion-associated 
AIDS, based on physicians’ alleged fail- 
ure to warn of the risk of ATDS or advise 
of alternatives to transfusion.” These 
claims are not likely to succeed if they 
arise from a transfusion thet was per- 
formed during the period in which most 





transfusion-associated HIV transmis- 
sion occurred, te, before the rsk was 
known. Nonetheless, with routes of 
transmission now well established, the 
wise course is for the physiciar to dis- 
close the risks and discuss alternatives 
such as autologous transfusior. Even 
though the risk may be remote, the seri- 
ousness of the disease and the extent of 
public concern appear to make sach dis- 
closure good legal prevention. 

As in the case of testing, the duty to 
secure informed consent lies priacipally 
with the treating physician, not with the 
physician in the laboratory. Here again, 
however, the laboratory or blocd bank 
physician may be well advised totake an 
active role in educating other phrsicians 
about transfusion risks and elterna- 
tives, such as autologous transfusion or 
directed donation, that might be dis- 
cussed with patients.’ 


CONFIDENTIALITY 


While the concept of informed con- 
sent focuses on autenomy in cCecision 
making about treatment, confidential- 
ity protections seek to assure thet infor- 
mation resulting from those decisions is 
treated with appropriate privacy. Even 
if fully informed consent precedes test- 
ing, if the test results are confirmed as 
positive, an immediate concern for both 
the individual tested and the physician 
may be the question of access to the test 
results: To what individuals or entities 
can or must the results be reported? 
And, conversely, what protections 
assure the confidentiality of the in- 
formation? 

An underlying consideration in the 
area of testing and informed corsent is 
the social consequences that can accom- 
pany a positive test result. The stigma 
and discrimination that have umneces- 
sarily added to the burdens of those in- 
fected with HIV likewise make the issue 
of confidentiality particularly compel- 
ling. “AIDS has proveked so much fear, 
and the groups most at risk are se likely 
for other reasons to be stigmatized, that 
physicians must pay particular atten- 
tion to maintaining confidentiality.” 

In a majority of states, the fact that 
an individual has AIDS must be prompt- 
ly reported to health authorities. Some, 
but not all, states also require reporting 
of HIV-positive status. In either ease, 
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detailed individual-identifying informa- 
tion may be required by some states, 
requirements that have been chal- 
lenged by some commentators on either 
policy or constitutional grounds. Physi- 
cians, health care facilities, and medical 
laboratories may all be among the man- 
dated reporters. With mandated re- 
porting the norm, and reporting for car- 
rier status as well as for clinical AIDS 
required in a number of states, the 
extent of confidentiality protections be- 
comes particularly critical. 

several states have enacted statutes 
explicitly addressing the confidentiality 
of HIV information. Most of these stat- 
utes provide specific protection for the 
confidentiality of HIV test results, sub- 
ject in most instances to limited cireum- 
stances in which release of the informa- 
tion is authorized.° 

The California statutes are one exam- 
ple of this approach. In California, negli- 
gent or willful disclosure of test results 
with individual identifiers, in the ab- 
sence of express written authorization, 
subjects the discloser to civil penalties 
of up to $5000, to liability for damages to 
the test subject, and to possible misde- 
meanor liability.” There are some limit- 
ed exceptions to these prohibitions, in- 
cluding a more recent provision 
permitting physician disclosure to the 
person believed to be the spouse of an 
HIV-positive individual. (Blood banks 
and plasma centers are another excep- 
tion, with some mandated reporting.) 
The California statutes also provide for 
testimonial privileges as to HIV status, 
for confidentiality of AIDS research re- 
cords, and for confidentiality of AIDS 
public health records. 

By way of another example, a compa- 
rable statute in Rhode Island makes it 
unlawful for any person to disclose the 
results of an individual’s AIDS test 
“without the prior written consent of 
the individual,” except for reporting to 
the health department and certain other 
authorized releases by health care pro- 
viders."" Among the many other states 
that have recently passed legislation 
regulating disclosure of HIV test re- 
sults are Colorado, Massachusetts, 
Maine, Hawaii, and Wisconsin. In 
addition, a number of states have, 
in response to HIV, amended and 
strengthened statutes dealing with 
communicable disease data, sexually 
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transmitted disease data, and/or all 
medical and health records. 

Federal law may also have a bearing 
on the confidentiality to be accorded to 
individuali; À a ATDS data, 








action to inċrease confidentiality pro- 
tections in this area.” Federal constitu- 
tional and common law protections may 
also mo a basis for meine a oan 









y in information concern- 
m in iduals AIDS status. In at 
least o one other. case, a federal court has 
recognized constitutional rights to pri- 
vacy in medical records related to 
HIV.” Thus, even in the absence of a 
statute, it is likely that many courts 
would recognize a basic constitutional 
or common law right to have AIDS in- 
formation treated with confidentiality. 
Even if a state has enacted new confi- 
dentiality provisions, those protections 
May be subject: to exceptions, promi- 
nent among which can be an exception 
` for disclosure pursuant to court order, 
The courts have recently rendered the 
first. decisions specifically addressing 
disclosure of individual identity in the 
course of litigation for AIDS-related li- 
ability. Most of the decisions to date 
have occurred in the course of efforts to 
determine the identity of blood donors. 
And in that context many, but not all, 
courts have concluded that confidential- 
ity concerns must be paramount. 

In the leading case of Rasmussen v 
South Florida Blood Service,” the 
plaintiff received transfusions following 
an automobile accident and subsequent- 
ly died of AIDS. In a lawsuit against the 
automobile driver, the estate attempt- 
ed to prove that the source of AIDS was 
the necessary medical treatment that 
was given after the accident. To that 
end, a subpoena was served for blood 
service records containing the names 
and addresses of the donors. 

In upholding the blood service’s mo- 
tion to quash the subpoena, the Florida 
Supreme Court found that the privacy 
interests of the donors significantly out- 
weighed any utility from the discovery 
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of names in the litigation: 


Disclosure of donor identities in any context 
involving AIDS could be extremely disrup- 
tive and even devastating to the individual 
donor... . AIDS, or a suspicion of AIDS, can 
lead to discrimination in employment, educa- 
tion, housing, and even medical treatment. 

. By the very nature of this case, disclo- 
sure of donor identities is “disclosure in a 
damaging context.” 


In addition to holding that the disclo- 
sure sought involved constitutionally 
protected privacy interests, the court 
also held that the prospect of disclosure 
would be a significant disincentive to 
volunteer blood donation. While several 
other courts, as well as a number of 
legislatures, have followed similar rea- 
soning in forbidding release of donor 
identities, other courts have reached a 
contrary result or have given less exten- 
sive protection to the confidentiality 
interests. 

Aside from statutorily required re- 
porting or disclosure in the context of 
litigation, a physician may face other 
complex situations in which confidenti- 
ality interests have to be balanced 
against competing concerns. One such 
issue is the question of access to HIV 
information about a patient by a health 
care employee who has experienced an 
accidental needle stick or other paren- 
teral exposure. A few states have dealt 
with this issue by statute. In the ab- 
sence of a statute, two questions arise. 
The first is whether the patient can be 
required to be tested, an issue that re- 
lates back to the question of informed 
consent. Arguably, the approach adopt- 
ed by some hospitals of securing consent 
to such testing as a condition of admis- 
sion fails to meet the requirement of 
voluntary and knowledgeable consent. 
Even if the patient is willing to be test- 
ed, or has already been tested, there 
may be questions about the scope of 
permitted information release. Al- 
though it can be argued that the infor- 


mation gleaned from a test of the patient 


is of limited utility to the exposed em- 
ployee, one approach taken by some 
states is to allow for the release of data 
without identification of the patient by 
name. 

_ Another example of competing con- 


‘cerns is the question of whether the 
physician should reveal a patients HIV 
positive status to the patient’s spouse or 
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sexual partner. In the absence of action © 
by the patient and in view of the conse- 
quences of HIV transmission, does the . 
physician have a duty to warn or protect 
this third person that transcends physi 
cian-patient confidentiality?” E 
A few states have simplified the legal 
dilemma by enacting specific statutes. 
For example, in California it is permissi- 
ble for a physician te inform the spouse. 
No civil or criminal liability attaches to - 
physician disclosure of a patients HIV- 
positive status to a person believed to be 
the patient’s spouse, so long as disclo-. 
sure is made in the manner prescribed 
by statute.” (Likewise, the same Cali- 
fornia statutes permit what is probably. 
implicitly accepted practice in most 
states: an HIV-positive individual in- 
curs no legal liability by identifying : 
partners to health officials, so that they - 
in turn can inform and counsel the x 
partners. ) oe 
In the absence of anexpress statute, 
the rationale of Tarasojfv Regents ofthe 
University of California” may provide —. 
some guidance. The Tarasoff decision 
imposed a common-law duty on mental | 
health professionals to take reasonable 
steps to protect identifiable third-party 
victims of patients believed to pose a ; 
serious threat of viclence. This duty is oo 
viewed as superceding any obligations = 
of physician-patient confidentiality. Pe 
It can at least be argued that this __ 
rationale should also apply to identifi- 
able contacts of an HIV-positive pa- 
tient. Some commentators have found a 
duty to inform on other grounds as well: 



























The trend in caselaw has been to place a duty ` 
on the doctors of patients with communicable 
diseases to warn the patients or their families |. 
that these in contact with such patients may ` 
contract the disease. ... If the physician 
knows that the patient intends to engage in 
sexual relations with a certain person with- 
out informing the person that he or she has 
AIDS and without taking precautions to min- 
imize the risk of transmission, the physician 
has a duty to warn that person of the possibil- 
ity of infection from the patient.“ 


Pending explicit statutory or judicial di- 
rection, health care professionals must 
balance the interests involved in partie- 
ular cases, weighing carefully whether 
notification is necessary to protect the 
life or health of specific persons. 

While pathologists and other labora- 
tory specialists may net ordinarily be _ 
























` warn partners, pathologists frequently 
do have under their supervision and 
control significant test results on indi- 
viduals and many employees with ac- 
cess to those results. It is very impor- 
tant to establish clear laboratory 








_ apart from potential legal liabilities, the 
_likelihood of personal embarrassment, 
stigma, and discrimination resulting 
-from unwarranted disclosure of an indi- 
_vidual’s HIV status should encourage 
laboratory directors to assure that their 
employees appreciate the need for con- 
-fidentiality and the importance of fol- 
„lowing laws and procedures to protect 


CONCLUSIONS 


. Legal doctrines regarding informed 
consent and confidentiality seek to pro- 








con ‘ronted with questions « duties to. 


7 policies regarding confidentiality. Even. 


tect individual interests in autenomy, 
dignity, and privacy in the face of the 


AIDS epidemic. Because the law varies 


from state to state and is rapidly devel- 
oping, this article has simply outlined 
some of the trends. It does not attempt 
to provide legal advice and is in ne way a 
substitute for consultation with counsel 
as particular legal questions arise. 
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Incorrect Data.—In the article entitled “A Review of the Histology, Ultra- 
structure, Immunchistology, and Molecular Biclogy of Extra-adrenal Paragan- 
gliomas” that appeared in the November issue of the ARCHIVES (1989;113:1209- 
1218), errors appeared in Tables 1 and 2. On page 1272, in Table 1, under the col- 
umn heading “Chief Cells*,” there should be a new line 9, “Leu- 7”, line 8 of that 
column in that table should now read “HISL-19-defined antigen,” not “HISL- 


19-defined antigen Leu-7.” On page 1213, column 1, line 14, the correct spelling 
of the term should be “GFAP,” not “G-FAP.” On page 1213, in the footnotes to 
Tabie 2, the explanatory footnote symbol for the third line of the footnotes should 
be a double dagger, not a dagger, so that the sentence should read as follows: 
“Study was based on head and neck (branchiomeric. paragangliomas.” The next 
Ene of the footnotes, “Study was based on duedenal gangliocytic paraganglio- 
mas,” should be deleted in its entirety. 
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Syndrome Era 


Thomas F. Zuck, LLB, MD 


+ The ¢ emergence of the acquired 

- immunodeficiency syndrome has 
wrought changes that have affected 
not only medicine and science, but 
many aspects of our social and politi- 


cal structures. In 1983 when it Clearly 


became evident that acquired immu- 
nodeficiency syndrome could be 
transmitted by transfusions of blood 
components and products, blood 
banks became the focus of intense 
scrutiny by the public as well as by 
the mass media. Suddenly it was 
known that people could contract ac- 
quired immunodeficiency syndrome 
even though they had not engaged in 
activities known to place them at in- 
creased risk for acquiring infection 
_ withthe human immunodeficiency vi- 
= rus Stype 1 1. In -many ways the general 
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Liability for Transfusion 


fear evoked was, and remains, dis- 
proportionate to the risks posed by 
transfusions. This fear coupled with a 
general distrust of blood banks may 
also be reflected in the legal response 
to people infected with human immu- 
nodeficiency syndrome type 1 
through transfusions. Further, 
whether the fault system of our tort 
law is an appropriate way to deter- 
mine compensation for people in- 
jured by transfusion has been 
brought into question. For those peo- 
ple injured prior to our recognition of 
acquired immunodeficiency syn- 
drome, the failings of the current sys- 
tem are most obvious. 

(Arch Pathol Lab Med. 1990:114: 
309-315) 


commercial fractionaters that manufac- 
ture blood products from recovered and 
source plasma, in contradistinction to 
whole-blood components, may be differ- 


ent.) generally has been sought on the 


grounds that a blood center, hospital 
transfusion service, and/or a physician 


was negligent in the manner that blood 


components were provided or trans- 


fused — that is, an action in tort. In 1970, 
-an Illinois hospital was held responsible 
for damages when hepatitis was trans- 
mitted by a transfusion. At the time of 





in the Acquired Immunodeficiency 


the transfusion in that case there wasno 


method to determine whether a unit of 


blood was infected. Nonetheless, the 


hospital was held responsible for whatis 


termed strict or product liability. Under 
this doctrine, sellers of products are 
held strictly liable for damages caused 
by use of their products without regard | 
to whether they may be at fault. In reac. 
tion to the concerns that providers of 


blood had no way to protect themselves —_ 
in this situation, most states passed 


what are termed b/ocd shield laws, 
These laws recognize that blood is “ons 


avoidably unsafe” and “inherently dan- 
gerous” and, therefore, providing blood 


components Is treated as a service rath- 
er than as a product sale. Some statutes _ 
simply state that providers of blood — 
components can be held responsible for- 
damages resulting from transfusion. 
only if they were due to negligence or 
willful misconduct. ? 
Negligence actions are based on what 
the law terms a cause of action, whichis : 
the theory under which an injured pere 
son, or plaintiff, attempts to hold a sec- a 
ond party, or defendant, financially re 
sponsible for injury. Most jurisdictions 
require four elements of a cause of ac. 
tion of negligence that must be proven 
by the plaintiff by a preponderance o 
the evidence: (1) the defendant owed the - 
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plaintiff a duty; (2) the defendant 
breached that duty by either acts of 
commission or omission; (3) the plaintiff 
was damaged or injured; and (4) the 
injury was proximately caused by the 
breach. 

The proximate cause element essen- 
tially means that a reasonable person 
could have foreseen that injury would 
result if the duty was breached in the 
manner alleged. As new duties are be- 
ing defined by the uniqueness of the 
acquired immunoceficiency syndrome 
(AIDS) cases, whether a specific out- 
come could reasonably have been fore- 
seen at the time of the alleged breach, 
such as secondary infection of a hetero- 
sexual partner, may become a major 
question of fact that must be deter- 
mined by trial. 

Most medical malpractice cases are 
brought under a negligence theory. The 
defense usually focuses on proving that 
there was no breach of duty because a 
defendant’s medical practice met gener- 
ally accepted standards. In blood bank- 
ing the regulations and recommenda- 
tions of the Food and Drug 
Administration, the Standards of the 
American Association of Blood Banks, 
and the directives of the American Red 
Cross generally reflect the standard of 
care at a given time. Determining what 
the accepted standard was may pose 
questions of fact for a -ury and testimo- 
ny by medical experts on this question 
may become the centerpiece of the trial. 
Some plaintiffs have argued that gen- 
> eral negligence standards, in contradis- 
- tinetion to medies] malpractice stan- 

dards, should be applied to AIDS cases. 
The test of breach of duty in such cases 
would not be the standard of medical 
 eare, but rather what a reasonably pru- 
dent layperson would have done in such 
cireumstances. General negligence 
< elaims in AIDS cases would probably be 
- difficult to defend because it is unlikely 
that juries would appreciate the com- 
plexities of AIDS and the ignorance 
about the risks of transfusion early in 
the epidemic. All transfusion-related 
AIDS (TRAIDSY cases that have come 
to trial to date have been brought on 
grounds of medical malpractice or 
negligence. 

State laws may permit suits against 
blood banks for “willful, wanton, or 
reckless misconduct.” These causes of 














action are termed intentional sorts in 
that plaintiffs claim that defendents de- 
liberately inflicted injury. Assault, bat- 
tery, and intentional infliction ef emo- 
tional distress are exampes of 
intentional torts. These suits may per- 
mit assessment of punitive damages, 
which are monetary awards intended to 
punish the “wrongdoer.” These awards 
may not be covered by liability insur- 
ance because it may be considered 
against public policy to relieve the 
wrongdoer of punishment by punitive 
damages. 

Juries frequently appear to feel com- 
passion for plaintiffs and may believe 
that they can help an infected recipient 
by finding a blood center liable. Thus, a 
motion for summary judgment is an im- 
portant strategy in the defense of 
TRAIDS lawsuits. In making such a 
motion, the defendant avers that there 
are no relevant questions of fac: before 
the court and consequently the court 
should rule for the defendant w-thout a 
trial. If granted, this motion blecks the 
plaintiff from presenting his case to a 
jury. 

It has been stated that TRAITS cases 
do not present any legal issues different 
than those presented by transfusion- 
transmitted hepatitis, the cortext in 
which the law of transfusion-transmit- 
ted diseases largely developed. Howev- 
er, the malpractice law as it relates to 
TRAIDS continues to evolve, especially 
with regard to the duties owec donors 
and recipients and what outcomes from 
human immunodeficiency virus type 1 
(HIV-1) transmissions were foresee- 
able, and by whom, at the time of the 
alleged breaches of duty. In the balance 
of this article, the discussion of liability 
for TRAIDS is divided into perieds in an 
attempt to relate the legal response to 
the current knowledge and environ- 
ment of the period. A more complete 
and detailed discussion of the potential 
liability of blood centers for transmit- 
ting AIDS was published by Lipton.” 


1977 THROUGH WINTER 1983: 
THE AGE OF INNOCENCE 


The environment was as fobows: (1) 
initial AIDS cases were descr bed; (2) 
initial cases of AIDS in transfusion re- 
cipients were described; (3) infection in 
hemophiliacs was.appreciated; 4) spec- 
ulations about etiologic agent abound- 
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ed; and (5) initial response of blood bank 
leadership was published.. 

Acquired immunodeficiency syn- 
drome was on us but we were unaware 
of it until the seminal report from Los 
Angeles, Calif, and New York, NY, in 
1981 of homosexual men with Preumo- 
cystis pneumonia and Kaposi's sarco- 
ma.’ Late 1982, the initial suspected 
transfusion-related case was reported’ 
and data from affected hemophiliacs 
emerged. In December 1982, the Blood 
Products Advisory Committee of the 
Food and Drug Administration (FDA) 
met at the National Library of Medi- 
cine, Bethesda, Md, and discussed the 
suspicions that AIDS was transmitted 
by transfusions. Not all attendees were 
convinced. On January 13, 1983, the 
American Association of Blood Banks, 
the American Red Cross, and the Coun- 
cil of Community of Blood Centers is- 
sued the first of many joint statements 
in which they stated that the medical 
evidence that AIDS was transmitted by 
transfusion “remains incomplete” but 
that certain steps should be taken to 
improve the safety of the blood supply.’ 
Because it was known that sexually ac- 
tive homosexual men, intravenous drug 
abusers, and the sexual partners of 
these people were at increased risk for 
AIDS, it was recommended that these 
people be asked not to donate blood or 
plasma. But, because the exclusion of 
certain groups, especially based on sex- 
ual preference, could be construed to 
infringe on their civil rights, and policies 
were established in ways that attempt- 
ed to minimize any infringement. 

Concurrently in this era, an intense 
hunt for the etiologic agent of AIDS was 
underway. Although many postulated it 
was a virus, it was to be several months 
before the initial case description of 
HIV-1, initially termed lymphadenop- 
athy-associated virus, was published.‘ 


MALPRACTICE CLAIMS 


Suits brought by people infected by 
transfusion during this period generally 
allege that blood banks should have re- 
acted more quickly and more aggres- 
sively. Heavy criticism has appeared in 
the lay press that leaders in transfusion 
medicine should have taken more em- 
phatic action (Saturday Evening Post. 
July-August 14-15, 1989). It would be 
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the rare jury member who would not be 
aware of such criticism. In fact, howev- 
er, the blood-banking leadership made 
recommendations 2 months before the 
Public Health Service,’ the agency of 
the federal government that was armed 
with all the available epidemiologic data 
about AIDS and TRAIDS.* 

For cases arising in this era, plaintiffs 
frequently have attempted to obtain the 
identity of the implicated blood donor 
from the drawing facility. Flaws in do- 
nor accession procedures and in taking 
the health history have been sought in 
efforts to establish negligence. Some 
courts have held that to encourage blood 
donations it was necessary to protect 
donors’ rights to privacy and denied re- 
quests to identify them by name. *" But, 
others have found that the rights of the 
plaintiffs take precedence over those of 
donors. ™* In one case permitting ac- 
cess to the donor, it was noted by the 
court that the plaintiff believed he may 
have a cause of action directly against 
the donor.” 

The rulings in these cases hinge on 
the unique facts presented and often are 
narrow. For example, in Jane Doe v 
American Red Cross Blood Services, 
SC Region,” the court denied the plain- 
tiff access to the donor because the cen- 
ter had been so forthright that the court 
did not believe any additional valuable 
evidence would have been made avail- 
able to the plaintiff by disclosing the 
donor's identity. Although courts gen- 
erally have been sympathetic to pro- 
tecting the confidentiality of donors, it 
is difficult to predict how a court in a 
given jurisdiction will rule on a particu- 
lar set of facts. Blood donor establish- 
ments probably would be advised to ex- 
ert all reasonable efforts to protect the 
confidentiality of their donors. 

It is improbable that physicians, hos- 
pitals, or blood centers would be found 
liable for TRAIDS transmitted by 
transfusions in this era. Transfusion 
medicine experts and the Public Health 
Service were continuing to state that 
the evidence was “incomplete” and the 
“possibility” of transmitting AIDS by 
blood components was “suggested” by 


unreasonable to hold a less expert clini- 
cal physician to greater certitude. Thus, 
even though a transfusion might not 
have been indicated, it could be argued 
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that the transmission of AIDS could not 
have been reasonably foreseen as a re- 
sult of the transfusion. However, it also 
could be argued that an unindicated 
transfusion is itself sufficient to give 
rise to liability for all consequences re- 
sulting from the transfusion. 


1983 THROUGH 1985 (SPRING): 
THE GATHERING STORM 


The environment was as follows: (1) 
HIV-1 was identified as an AIDS-caus- 
ative agent; (2) antibody tests were de- 
veloped and in clinical trials; (8) self- 
exclusion by high-risk donors was relied 
on; (4) a directed-donor joint statement 
was issued; and (5) selected blood banks 
initiated: surrogate testing, confiden- 
tial unit exclusion, look-back on dona- 
tions by people with AIDS, and patients 
demanded alternative forms of transfu- 
sion-directed and autologous donations 
and single-donor cryoprecipitate and 
platelets. 

Much of the earlier confusion and 
mystery of the age of innocence was 
clarified when HIV-1 (initially called 
human T-cell lymphotropic virus, type 
IiI/ymphadenopathy-associated virus) 
was identified.” Thus, it had now be- 
come evident that AIDS was a retro- 
viral disease transmitted by exchange 
of bodily fluids, especially blood and se- 
men. Blood-banking leadership re- 
mained unsure what course would be 
the most prudent to protect the blood 
supply. The Joint Statement of March 7, 
1983 still referred to the “possibility” 
that AIDS was transmitted by transfu- 
sions.” Nonetheless, there was broad 
support for the Public Health Service 
report that defined persons at increased 
risk for AIDS and recommended that 
members of these groups be asked to 
refrain from donating blood and plas- 
ma.” Shortly thereafter screening pro- 
cedures were introduced in donor 
centers. 

Much of the legal controversy in this 
period revolves on whether surrogate 
testing would have been effective in im- 
proving the safety of the blood supply. 
Testing for hepatitis B core antibodies 
(anti-HBc) was considered the most 
likely candidate, since the mode of 
transmission of AIDS and hepatitis B 
were known to be similar. Because the 
problem of AIDS was so severe in the 
San Francisco Bay (Calif) area, blood 





centers located there began testing for == 





anti-HBc in the summer of 1984. It was 


clearly recognized that even if the test- 


ing did not reduce the transmission of a 
AIDS by transfusions, the risks of ~~ 
transmitting hepatitis B could be re- © 
duced in this way. Most members of the = a 
blood service complex did not believe oes 
that anti-HBc testing would be effective -< 
and an early pilot study confirmed this _ 


belief.” Further, it was feared that if 
plasma from all donors who had anti- 


HBe were removed from the plasma = 


supply, the concentration and anti-HBs 
would be negligible and the safety and 
efficacy of immunoglobulin could be re- 
duced. A study group of the Blood and 
Blood Products Advisory Committee of 
the FDA recommended that anti-HBe 
testing not be initiated” and most blood 
centers followed this recommendation, 
One hospital blood bank in northern 
California analyzed blood donor T-lym- 
phocyte subsets and excluded donors 
with T-4:T-8 ratios below 0.75." Al 
though this procedure might have been 
practical in a hospital blood bank, lack- 


ing proof of efficacy, it was generally 


perceived as an unwieldy and impracti- 

cal way to screen donors in large centers 

with the technology available in 1984. 
While some centers were studying 


Surrogate tests, others were experi- 


menting with confidential unit exelu- 
sion. “” This strategy was developed to 
encourage risky donors who felt pres- 
sured to donate to designate their unit 
as unsuitable for transfusion. It enjoyed 
only limited acceptance until it was rec- 
ommended by the FDA in 1986.” 

When blood centers were notified by 
health departments that people symp- 
tomatic with AIDS or AIDS-related 
complex had previously donated blood, 
it was recommended that centers notify 
recipients of donations from these do- 
nors.” These programs were initiated 
as public health measures to prevent 
further spread of the infection. 

In this era, patients became wary 
about receiving transfusions and de- 
manded alternatives. Blood bankers en- 
couraged autologous donations, partic- 
ularly prior to scheduled elective 
surgery. However, patients’ physicians 
showed less enthusiasm about this prac- 
tice. But it was the direeted donor pro- 


grams that fueled the most controver-. 


sy. Patients wanted to designate who 
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their donors should be, but early studies 
indicated that these donors were not 
safer than donors who gave fer the com- 
munity.” Friends and relatives might 
be pressured sufficiently te give that 
they would not be able to tell the truth 
about risky activities. For this reason, a 
joint statement frem the various blood- 
banking organizations was issued sug- 
gesting that directed donatien services 
not be offered.” However, itis only re- 
cently that, based en hepatitis markers, 
first-time directed doncrs (about 80% of 
directed donors in most programs are 
first-timers) were found ina large study 
to be no safer and perhaps. somewhat 
less safe than first-time community do- 
nors.” Efforts to discourage this prac- 
tice led to inconsistent policies. Some 
eenters unwisely modified policies to ac- 
commodate patients whe were suffi- 
ciently insistent or prominent. At the 
request of some patients, aryoprecipi- 
tate and platelet concentrates were 
made from directed apheresis donors in 
afforts to reduce the number of donor 
exposures. The exten: of these prac- 
tices nationwide remains unxnown, but 
varied widely. 





MALPRACTICE CLAIMS 


The malpractice storm was gathering 
during this period because of indecision 
about how best to protect the blood sup- 
ply. Several different strategies were 
advocated and some were implemented. 
Despite joint statements, blood bank 
_ practice was not uniform. Many knowl- 
edgeable and dedicated people differed 
and it was unclear, anc remains so even 
now, exactlv what duty was owed to 
transfusion recipients ov blood centers, 
transfusion services, hospitals, and 
physicians. Because one center or hos- 
pital performed a surrogate test or used 
a unique measure to exclude high-risk 
donors, even though the efficacy of such 
measures had not been demonstrated, 
should these practices become the stan- 
dard of care? If they were, what could 
be termed a black skeep standard of 
negligence would be created. Not only 
would blood bank praczice become a mo- 
rass, such a standard of care would be 
virtually impossible to meet. 

In general, plaintiffs have been un- 
successful in claiming that surrogate 


testing should have been performed, al- — 





though many of these cases have yet to 
be tried. In a highly publicizec case, 
Kozup v Georgetown University,” the 
Court of Appeals held in granting a mo- 
tion for summary judgment that the 
duty owed a recipient would be mea- 
sured by the professional stancard of 
care that existed at the time of the 
transfusion. Although the court was 
satisfied that the standard had been met 
in that case, it did not specify how the 
standard had been established. While 
granting a motion for summary judg- 
ment by defendants, in Shelby v. St. 
Luke’s Episcopal Hospital,” the court 


-rejected the argument that the entire 


blood-banking industry had adopted in- 
adequate screening measures. Similar- 
ly, in Osborn v Irwin Memoriai Blood 
Bank,” the jury found that the blood 
center was not negligent in 1983 for not 
performing anti-HBc testing. A similar 
result was reached in a Texas case.” 
One should be cautious abou: these 
favorable outcomes. If the conse- 
quences are sufficiently dire, negli- 
gence could be found even if generally 
accepted medical practice was followed. 
In Helling v Carey” an ophthalmologist 
was found negligent for not performing 
a glaucoma test on a patient less than 40 
years old even though it was rot the 
standard of care to do so. The conse- 
quences of AIDS could be construed to 
be equally or more dire than blindness, a 
foreseeable outcome of glaucoma. The 
court that decided Helling v Carey cited 
a well-known case in which a Federal 
Circuit Court of Appeals held a sugboat 
company negligent for not having a ra- 
dio even though it was not the standard 
in the industry for tugboats to carry 
radios at the time the accident oc- 
curred.” In writing for the Court, Judge 
L. Hand stated, “Courts must inthe end 
say what is required; there are precau- 
tions so imperative that even their uni- 
versal disregard will not excuse their 
omission.” Most courts have been reluc- 
tant to follow the Helling v Carey case 
and it has generally been consicered an 
aberration. In granting a mozion for 
summary judgment, a New York court 
recently rejected arguments based on 
Helling v Carey and stated that duties 
owed to blood recipients were based on 
the professional standards of the indus- 
try.” 
In addition to claims that bleod cen- 
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ters and hospitals were negligent in the 


way they screened and tested the blood, 
a series of suits have alleged that pa- 
tients were not adequately informed ei- 
ther about the risks of transfusion or the 
availability of alternatives. Most of the 
“duty to warn” cases have been brought 
against manufacturers of commercial 
products. Some have been found for the 
defendant, but settlements preclude ac- 
curate assessment of the outcome of 
many of these cases. 

As noted, in the Osborn:case Irwin 
was not found negligent for not doing 
surrogate testing in 1983, but was found 
negligent because of its directed donor 
policies in effect at the same time. At 
the time, directed donations were dis- 
couraged by Irwin, but were offered 
under certain circumstances that the 
plaintiff stated were unclear. It is note- 
worthy that liability was found even 
though no data were presented by the 
plaintiff indicating that directed dona- 
tions would have been safer. 

It is difficult to predict the outcome of 
cases arising in this era because most 
have not yet come to trial. However, to 
date, plaintiffs have found many obsta- 
eles to finding defendants negligent in 
the environment of this era. Cases are 
likely to be decided on narrow grounds 
and based on unique facts. 


1985 THROUGH 1989: THE WINDS 
OF THE MALPRACTICE WAR 


The environment was as follows: (1) 
HIV-1 antibody testing was initiated 
and evaluated; (2) donor notification 
was implemented; (3) look-back pro- 
grams were started; (4) donor exclusion 
criteria was refined further; (5) confi- 
dential unit exclusion was recom- 
mended by the FDA; and (6) a donor 
reentry algorithm was developed and 
implemented. 

Although the donor self-exclusion 
measures were generally successful,” 
the safety of the blood supply was en- 
hanced by the introduction of the HIV-1 
antibody enzyme-linked immunosor- 
bent assay in early spring of 1985. Na- 
tionally, about 4 per 10 000 blood donors 
were found to have HIV-1 antibodies by 
supplemental testing, usually Western 
blot analysis.” Two problems emerged 
early in the testing program that caused 
blood centers to be reluctant to notify 
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blood donors of possible infection, de- 
spite the Public Health Service recom- 
mendations to do so.” First, the en- 
zyme-linked immunosorbent assay kits 
were designed to be highly sensitive to 
provide maximum protection of the 
blood supply, but they demonstrated 
poor specificity. With the first test kits, 
fewer than 5% of blood donors with 
repeatably reactive screening tests 
could be confirmed to have antibody by 
Western blot analysis. Moreover, be- 
tween 15% and 20% of normal people 
have indeterminant patterns on West- 
ern blot and it was unclear how donors 
in indeterminant status should be man- 
aged. Only recently has the true status 
of these donors become clarified and it is 
now known that the great majority of 
them are not infected.” 

Second, the quality and interpreta- 
tion of the most commonly used supple- 
mental test, Western blot, varied wide- 
ly among laboratories and none was 
licensed by the FDA. These inconsis- 
tencies created further confusion as to 
which donors should be told they were 
infected. Confidence in Western blot 
grew as interviews with donors with 
positive blots suggested the great ma- 
jority of them had risk factors for AIDS. 

Additional concerns were expressed 
that notification of blood donors with 
positive test results would prompt peo- 
ple to donate blood to find out whether 
they had positive test results. Alterna- 
tive test sites were not available uni- 


formly throughout the country. One r 
news magazine even suggested peoples t 


donate blood together before having sex 
(Newsweek. November 24, 1986:40) and 
some states passed complicated laws 
concerning notification of people with 
confirmed positive test results.” How- 
ever, by June 1985, sufficient confi- 
dence had developed in the testing algo- 
rithm, including Western blotting, that 
a joint statement recommended donor 
notification and shortly thereafter blood 
centers began this process.” 

Recipient look-back posed more diffi- 
cult problems. When HIV-1 antibody 
testing was initiated, the transmission 
- efficiency of units that were Western- 
blot positive or indeterminant was not 
known, and it was believed that 5% to 
19% of people with HIV-1 antibodies 
would ultimately develop AIDS. Thus, 
when a blood donor was found to have 
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antibody, notifying the recipient of his 
prior donations was considered to be a 
speculative public health strategy. 
However, concerns about secondary in- 
fection continued to mount. In the Tara- 
soff case,” the University of California 
was held liable because a psychothera- 
pist in its employ failed to warn a mur- 
der victim that the therapist’s patient 
intended to commit the murder. This 
duty was found to take precedence over 
the confidentiality rights of the patient 
who became the murderer. A duty to 
warn a person about the potential for 
secondary infection with tuberculosis 
previously had been established.” 
Thus, in the summer of 1986 the blood 
service organizations recommended 
look-back to recipients of blood from do- 
nors later found to have HIV-1 antibod- 
ies.” It was also recommended by the 
Centers for Disease Control, Atlanta, 
Ga, that all recipients of transfusions 
between 1977 and the implementation 
of antibody testing by blood banks in 
1985 ask their physicians whether they 
should be tested for the presence of anti- 
bodies.” More recently, the Presiden- 
tial Commission on AIDS affirmed this 
recommendation.” 

When a commercial Western blot kit 
was licensed by the FDA in 1986, donors 
who had repeatedly reactive enzyme- 
lmked immunosorbent assays but no 
bands on Western blot were allowed un- 
der a strict reentry algorithm to donate 
again if their enzyme-linked immuno- 
sorbent assays were currently nega- 
tive.” 


MALPRACTICE CLAIMS 


Because of the many complexities 
surrounding anti-HIV-1 testing during 
this era, ample pitfalls have been found 
that could create liability on the part of 
blood banks if a recipient became infect- 
ed. The chilling winds of legal battles to 
be fought already could be felt. One of 
the more legally contentious aspects of 
testing has become the manner of its 
implementation. Two key implementa- 
tion issues emerged: first, what should 
be considered a reasonable time after 
kit availability to train staff and become 
competent in performing the test? In 
KW v Belle Bonfilles Memorial Blood 
Bank,” a jury awarded a patient in- 
fected with AIDS $5.5 million (ater re- 
duced to an undisclosed amount; both 





plaintiffs and defendant have appealed) - 


because blood transfused 9 days after 
the kits were received was not tested. eer 


Since it was not possible to test inven- 
tory instantly, it becomes an issue for 


the jury as to how quickly was reason- 


able. Few centers were proficient in 


performing the new test and were able | a 
to complete inventory testing within9 © 


days; such a standard is extraordinarily 
rigorous, 


Second, how should inventory be ee 
managed in the implementation period — i 
during which training and test familiar- 


ization is undertaken? In the Carroll | 


case,” the jury awarded an infected 
plaintiff $3.9 million because the Center 


had not actively exchanged tested Cryo- o 


precipitate for untested cryoprecipitate 
in hospital inventories. (Damages were 
reduced to an undisclosed amount, nei- 
ther party has appealed.) Although it 
had offered to make such an exchange, 
the Center did not mandate it. 

Potential liability alse may lie in the 
manner in which recipient look-back 
was implemented. Although the HIV-1 
antibody tests became available in 
spring 1985, most blood centers did not 
initiate look-back for potentially in- 
fected recipients until the joint state- 
ment was published inJune 1986." This 
could be considered a reasonable start- 
ing date. However, because at least one 
center started recipient look-back in 
late summer 1985 (F. Morales, MD, 
personal communication, 1989), it could 
be alleged that this earlier date should 
be the standard and hospitals should be 
held responsible for not having initiated 
look-back prior to the joint statement. 
These cases could be particularly diffi- 
cult should secondary infection of sexual 
partner(s) of an infected recipient have 
occurred. 

Additional causes of action may be 
built around failure to implement more 
intensive donor interviews to improve 
the rate of self-exclusion and confiden- 
tial unit exclusion. This issue has come 
to the fore as studies have documented 
delayed seroconversion in gay men,” 
and exit questionnaires of blood donors 
indicated incomplete understanding of 
the AIDS material (T. Z.. Terry M., un- 
published data, 1989). Two approaches 
have been advocated. First, donors are 
questioned directly about whether they 
engaged in risky behavior. Recent stud- 
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ies have suggested doncrs accept such 
questioning.” However, the efficacy of 
this approach has not been demon- 
strated and there are concerns that do- 
nors may not be forthright im the donor 
room environment. 

Second, donors are asked whether 
they understand the AIDS material 
they are asked to read, that they may be 
infected and still have a negative test 
result, and how to ase confidential unit 
exclusion. This approach is designed to 








: guide and encourage people at risk to 


exclude their units; however, the valid- 
ity ofthis approach has not been proven. 

As indicated, the potential for liabil- 
ity in this period is significant, but few 
cases have come to trial. Botn the Car- 
roll and KW cases, especially the latter, 
suggest that juries are sympathetic to 
the plight of infeeted recipients and 
their sexual partners. Appellate courts 
may be sympathetic to plaintiffs as well. 
It was recently held in New York” that 
blood components were inchwled under 
a toxic substance act that permitted 
damaged parties te sue even though the 
statute of limitations had expired. In 
most states such statutes limit the inter- 
val between the alleged negligent act 
and the filing of the suit. The court per- 
mitted plaintiffs te avoid tne limitation 
by applying a law cesigned te deal with 
inapparent environmental hazards. 
Thus, the future ef suits arising from 
actions during this-era is clouded at this 
time. 

1989 AND INTO THE FUTURE: 
THE STORMS REGATHER 


It is, of course, not pcssible to predict 
what events will drive future liability in 
the AIDS area. However, as plaintiffs 
have had difficulty proving negligence 
in most eases, more novel eauses of ac- 
tion are appearing. Several of these 
claim intentional torts. In the Kozup 
case (see above) the appellate court sent 
the ease back to the trial court to try an 
assault claim. Although the case was 
decided for the defendant ©. O'Brian, 
JD, personal communication, 1989), a 
question of fact was raised about 
assault. 

In a more disturbing case, Roe v 
United Blood Services imc (S5. La- 
bensky, JD, Council of Community of 
Bloed Centers interira meeting, Mil- 
waukee, Wis, 1989), it was claimed that 
a delay of over 1 vear in look-back to a 
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should be documented. Asterisk indicates day 1 of ongoing program. 


potentially infected recipient supported 
a claim of “intentional infliction of emo- 
tional distress.” One of the elements of 
this intentional tort is that the defen- 
dant’s behavior was an “outrage.” This 
case was settled recently for an undis- 
closed amount. 

The American Association of Blood 
Banks, American Red Cross, and Coun- 
cil of Community of Blood Centers have 
been sued in a Texas court for enzaging 
in a “conspiracy” to withhold the “true” 
risk of blood transfusions from tke pub- 
lic and to “block” the use of surrogate 
tests. This case will be moved to “ederal 
courts because the American Rec Cross 
will not accept service in a state court. 
The potential outcome of this case is 
unclear, although settlement is not pos- 
sible with this allegation. 

It appears wise for blood centers and 
transfusion services to learn from the 
AIDS cases decided to date. 4s new 
tests emerge, a precise implementation 
plan should be developed with consulta- 
tion from risk managers ( Figure). This 
plan should inelude establishing « frozen 
repository of donor samples, an educa- 
tion program for community physicians 
and center staff, technical staff training 
schedules, and implementation dates 
for the various steps in the plan. The 
rationale for the timetable should be do- 
cumented. When it is known thet a new 
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test is to be implemented soon, a frozen 
repository should be established as ear- 
ly as possible to permit the most rapid 
possible testing of inventory. It has 
been suggested that blood centers no- 
tify physicians that implementing a test 
is imminent so elective surgery may be 
delayed or patients given that option. 
As the testing program begins, unit 
quarantine, physical exchange of inven- 
tory, donor notification, and look-back, 
if it is to be initiated, should all be imple- 
mented simultaneously. 

In addition to planning specific test 
implementation, excellent general pre- 
ventive strategies for blood centers and 
transfusion services have recently been 
outlined by Fleisher.” 

Finally, current malpractice law ap- 
pears poorly suited to accommodate pa- 
tients infected with HIV-1 by transfu- 
sions, especially early in the epidemic 
when no party seems to be clearly at 
fault. Both juries and courts may be- 
come understandably sympathetic to 
the TRAIDS victims. The risks of trans- 
fusions are not unlike the risks of vac- 
cines—they cannot be reduced to zero.” 
But, as the manufacturers of vaccines 
have been protected from ruinous liabil- 
ity suits with a federal compensation 
pool, so could blood centers. A way to 
compensate all infected recipients, even 
if no fault should be found. It could be 
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argued that it is poor public policy to 
callow the current adversarial system 
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Education 


a The Challenge of Acquired Immunodeficiency Syndrome 


Jared N. Schwartz, MD, PhD 


è Acquired immunodeficiency 
-syndrome is a major health problem 

: confronting society. Our communi- 
ties are looking to physicians to help 

in both educationai efforts, as well as 

in formulating public policy in the 

fight against the disease. For physi- 
«clans to fill this important role, they 
first must be knowledgeable them- 
: selves. There is strong evidence that 
many physicians have resisted learn- 
ing about acquired imuncceficiency 
syndrome. The increasing number 
of infected individuals requires 
the medical profession to find ways 
= to overcome the barriers that pre- 
~~ vent our colleagues from acquiring 
needed information. We must under- 
-stand the reasons for our educational 
- failures and devise methods to reach 
physicians with the knowiedge base 
that they will need in helping to com- 
batthis' terrible disease. Pathologists 
: : ilarty good position to 
hel in this educational process. ; 
Ar rch Pathol Lab Med. 1990; 114: 
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If you think education is expensive, try 
1QNOTance, 
DEREK BOK 


equired immunedeficiency syn- 

drome (AIDS) is a new and ceadly 
disease that has already killed tans of 
thousands of people and has infected 
millions of others. A diagnosis 1s possi- 
ble, but treatment is in its infancy anda 
cure does not exist. This is a serious 
health problem, and it is being made 
even worse by the poor response of a 
large segment of the medical communi- 
ty. The disease has, within a decade, 
produced fear and panic amorg the 
health care professions, as well as the 
public. It will continue for the foresee- 
able future, and no physician will be able 
to avoid dealing with the disease. 

A common theme from the beginning 
of the epidemic has been that education 
is the only effective weapon that we 
have in preventing the continued 
spread of the disease. The pubic has 
and will continue to loek at physic:ans as 
the primary resources of accurate infor- 
mation on AIDS. For physicians to fill 
this important task adequately, they 
must be educated themselves. 





DO PHYSICIANS WANT AND NEED 
_ AIDS: EDL CATION? 


Numerous studies. have shown that 
most physicians desire more informa- 
tion on AIDS, and this; is fortunete, be- 
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cause other studies have demonstrated 
many physicians are both ignorant of 
many basic facts related to AIDS and 
inhibited through fear and/or a lack of 
compassion from even discussing the 
topie with patients.°” Charles Mayo 
once commented that there are two pur- 
poses to medical education: (1) to help 
those who are ill and (2) to advance the 
science.” Acquired immunodeficiency 
syndrome education for physicians cer- 
tainly fulfills these two goals. However, 
it is clear that some physicians have 
decided that AIDS is different and have 
ignored the disease. Some have decided 
that patients infected with the human 
immunodeficiency virus (HIV) are not 
worthy of their care or concern. Many 
physicians seem to lack even a simple 
scientifie curiosity for a novel new dis- 
ease. These factors pose problems for 
educators, for to be successful, adult 
education must have students who are 
willing participants and have an inter- 
est in the subject at hand.” 


WHY IS THERE RESISTANCE 
TO HIV INFORMATION? 


Physicians are trained to be skeptical 


of new scientific findings, and through 


history, the medical profession has nev- 


er been quick to accept new ideas even 


when they seem obviously good to the 
proponents. One need only remem! 








Hippocrates, Galen, Har ey, Semmel-_ 


weis, Lister, and scores of other medical 
educators to see that the job of educat- 
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ing g physi ns abot new and contro- 
ersial topics has never been easy,“ 

immunodeficiency syn- 
different. Common prob- 
‘physicians to participate 
ational program are time 

















ans specialty, a physician’s 
tion of his or her need for the 
iformation being presented, easy ac- 
cess to the information, concise presen- 
tation, and whether official continuing 
medical education credits are given.” 
Acquired immunodeficiency syndrome 
also has special problems, among which 
are physicians believing that they will 
not have to “deal” with the problem, 





Be 2 their fear that. they will þe seen as 
“ATDS doctors” which may endanger 


their practice, their mistrust of much 
information because they see the source 
of the information (the government) as 
politically motivated, their discomfort 
with the intimate sexual aspect of the 
disease, and the hostility of many physi- 
cians toward those persons currently 
most affected, ie, the homosexual and 
intravenous drug user. These problems 
can and must be overcome if the medical 
profession is to take a leading and re- 
sponsible role in the battle against the 
disease, but the challenges are great. ™ 


AIDS: WHAT SHOULD 
PHYSICIANS KNOW? 


Physicians are a diverse group of indi- 
viduals who practice a variety of special- 
ties in a variety of settings. Neverthe- 
less, patients tend to see all physicians 
as the same, at least with regard to their 
general medical knowledge. Thus, ev- 
ery physician regardless of specialty, 
will be asked questions pertaining to 
_. AIDS, and they must be able to answer 
these questions professionally and 
= factually. 

O What should every physician know 
about AIDS? There have been a number 
of published recommendations on what 
basic information should be ineluded in 
AIDS education for physicians, This 
should include a brief update on the vi- 
rus, the clinical ‘spectrum and course of 
the infection, epidemiology, how to rec- 
ognize: high-risk behaviors and at-risk 
ia patients, how eile AIDS preven- 







the topic as it relates to 





tify community-based resources for 
HIV-infected patients, and how to deal 
with physician discomfort and/or nega- 
tive attitudes toward those persons in- 
fected or at risk.” Each of these topics 
could be expanded at length, and there 
are scores of other subjects, for exam- 
ple, the use of lymphocyte subset test- 
ing, the microbiology of AIDS, treat- 
ment protocols, blood bank issues, and 
universal precautions in the hospital 
and office setting. 


HOW SHOULD THE INFORMATION 
BE COMMUNICATED? 


Educational efforts must be profes- 
sional and unbiased, and one must be 
prepared to deal effectively with hostile 
questions in a nonjudgmental fashion. 
One of the most important goals of all 
medical education is to encourage lis- 
teners to pursue the subject further on 
their own as a result of their own intrin- 
sic interest in the topic under discus- 
sion. The mission of the educator then is 
to renew the scientific curiosity of the 
physician to learn more about AIDS de- 
spite any personal inhibitions that he or 
she may have as a result of how the 
disease is spread or who the primary 
persons infected are at this time. Com- 
passion for those persons who are ill 
remains one of the honorable attributes 
of medicine in the caring for all those 
who are sick. 


THE PATHOLOGIST ROLE 
IN AIDS EDUCATION 


The pathologist is in an ideal position 
to become an active AIDS educator, Pa- 
thologists in most settings are already 
looked to by their hospitals and medical 
colleagues as resources in providing a 
wide range of educational programs on 
medical topics. Pathologists are also al- 
ready intimately involved with many 
aspects of HIV infection, including se- 
rologic testing, lymphocyte subset typ- 
ing, blood bank issues, and diagnosis of 
infections through microbiology, cytol- 
ogy, surgical pathology, and the autop- 
sy. There are many ways for patholo- 
gists to convey HIV information to 
physicians. Although the lecture format 
is the traditional way, other modes can 
be effective and are particularly useful 
for the pathologist: laboratory newslet- 
ters, comments placed on relevant lab- 




























oratory and/or pathology reports, clini 
cal conferences, and locally produced 
videotapes. Physicians obtain a large 
percentage of their continuing medical- 
education from informal sources, nam 
ly, their own personal patients, ie, their - 

‘experience” and consulting with the 
colleagues. Therefore, the nonlectur 
modes of transmitting knowledge Gi 
the curbside consult) may be most use 
ful and practical. 


HOW CAN THE EDUCATOR 
KEEP UP TO DATE? 


For physicians to educate other phy- 
sicians, they must first become knowl- 
edgeable themselves. Volumes of mates 
rial are now available on AIDS. But — 
frequently the newest and most contro: _ 
versial data are presented and widely -> 
distributed via the media before its pub- i 
lication in peer-reviewed journals. Sur- he 
veys have shown that physicians, like. z 
the lay public, obtain most of their 
AIDS information via the media.’ The 
educator must therefore be alert as to 
what is in the media and be prepared to 
balance that information with what is 
documented in the medical literature. 
This is not always easy, but many excel- 
lent resources are readily available, in- 
cluding the Centers for Disease Control 
weekly Morbidity and Mortality Week- 
ly Report, and numerous journals, such 
as the Journal of the American Medical 
Association, New England Journal of 
Medicine, and Annals of Internal 
Medicine. Several computer databases, 
such as MEDLINE, carry extensive in- 
formation on AIDS that is accessible for —_ 
a small fee. A few of these should be — 
chosen, and the radio and television 
should be monitored to be responsive to ` 
public concerns. 





THE MOST COMMON EXCUSE | 
FOR IGNORING AIDS EDUCATION 


Information on AIDS does change, 
and a difference of opinion among ex- $ 
perts is common as it is in many areas of _ 
medicine, Regardless, physicians fre- 
quently become frustrated, and it is not. 
unusual to hear physicians say that they: 
will wait to learn about AIDS wher 
“more is known and the experts can 
agree.” They must not wait, because 
critically important information on HT \ 
infection is already well known and has 
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a d Saluable time is being lost. The 
causal agent, modes. of transmission, 
high-risk groups and behaviors, sero- 
logie tests, clini 














enl presenta ation and 
course, and risks of transmission to 
health care workers have all been exten- 
sively covered in the medical literature, 
and broad agreement exists. Treatment 
protocols and new diagnostic tools will 


continue to evolve. 


-DEALING WITH CONTROVERSIAL 
ISSUES 


_ Issues, such as mandatory testing, 
- informed consent for testing, anti-dis- 
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eral years, 


crimination iaws, and myriads cf other 
legal, social, economic, and political as- 
pects of AIDS are important and gener- 
ate large amounts of heat. They are in- 
teresting to debate and should be 
acknowledged as important, buc if not 
handled carefully, they can destroy the 
ability to convey medical and scientific 
facts to the audience. One must sepa- 
rate the issues into medical and social 
aspects of the disease and not let discus- 
sion of the “hot” social aspects inhibit 
the listener from hearing the medical 
information. If the physician has views 
on the social aspects that are notaccept- 
able to the audience, his or her credibil- 
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CONCLUSION 


The need for aggressive and contin- 
ued AIDS education of physicians has 
never been greater as the infection has 
not yet peaked, and all physicians will 
need to have a sound knowledge base of 
HIV infection. Pathologists are in an 
ideal position to help lead the fight 
against the ignorance of this terrible 
disease. 
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The Epidemiology of Fear 


Scientific, Social, and Political Responses 
to the Occupational Risk of Blood-Borne Infection 


Paul Bachner, MD 


Pathologists will have an impor- 
tant role in implementing safety pre- 
cautions to prevent transmission of 
blood-borne diseases in the laborato- 
ry and elsewhere in the healthcare 


=- setting. This article reviews pro- 


posed professional and regulatory 
solutions in the context of wide- 
spread public and professional fear 
concerning occupational transmis- 
sion of human immunodeficiency vi- 
rus and hepatitis B virus. The pro- 
posed rule of the Occupational Safety 
and Health Administration of the De- 
partment of Labor, Washington, DC, 
is described in detail. 

(Arch Pathol Lab Med. 1990;114: 
319-323) 


he facts concerning documented 

and potential transmission of the 
human immunodeficiency virus (HTV) 
have been succinctly stated by the 
American Academy of Pediatrics’: (D 
HIV has been documented to be trans- 
mitted in three ways, sexual inter- 
course, parenteral inoculation of blood, 
and congenital or perinatal transmis- 
sion from a woman to her fetus or new- 
born; (2) no studies have reported trans- 
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mission by urine, feces, saliva, tears, 
or sweat; (3) the risk of infection to 
healthcare workers who are taking care 
of patients with acquired immunodefi- 
ciency syndrome (AIDS) or persons in- 
fected with HIV is extremely low; and 
(4) studies of household contacts of 
AIDS have failed to document signifi- 
cant infection transmission. Despite 
these facts, the public at large and many 
physicians and healthcare workers ap- 
pear to believe, as judged by their ac- 
tions and statements, in the possibility 
of casual, environmental, and nosoco- 
mial transmission of HIV in the absence 
of documented vectors of infection and 
transmission. 

Although data demonstrating a low 
risk of nosocomial transmission in the 
healthcare environment have been 
widely disseminated,” a high level of 
concern persists and has generated 
some highly unusual suggestions, in- 
cluding the quarantine of patients and 
the refusal to treat them. These con- 
cerns arise against a background of per- 
sisting, widespread, and deep profes- 
sional and societal fear about the mode 
of spread and the contagiousness of 
AIDS and HIV infection. 

Factors contributing to these fears 
include, in addition to the large numbers 
of HIV-infected individuals and pa- 
tients with clinical AIDS, inadequate 








knowledge about modes of transmis- 
sion, evidence demonstrating world- 


wide progression of HIV positivity into 


heterosexual populations, the apparent 
high likelihood or inevitability of dis- 
ease and inexorable progression to 
death subsequent to infeetion, the lack o 
of a vaccine and effective therapies, as- 
well as the association of AIDS with 
stigmatized groups and abhorrent 
behaviors. 

Several studies have attempted to 
identify specific psychodynamic and 
psychosocial causes of what appears to 
be an exaggerated fear of occupational 
transmission of AIDS.** The threat of 
AIDS has been shown to produce an 
affective stress response characterized 
by avoidance, extreme precautions, and. 
verbal expressions of fear regarding the 
disease.” A small minority of healthcare 
workers have refused to treat patients 
with AIDS, and some institutions that 
are known to care for patients with. 
AIDS are being avoided as training 
sites for the health professions as well as 
by patients.” These concerns have been 
particularly voiced by certain groups, 
orthopedists and cardiac surgeons, who 
face repeated and massive exposures. 
They believe that the “best guess” esti- 
mates of 0.5% risk of infection after par- 
enteral exposure represent a real, if not 
large, risk. 
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An interesting perspeetive on these 
issues is provided by the new discipline 
of risk assessment, which attempts to 
aid in the process of identifying, charac- 
terizing, and quantifying risk.” Psycho- 
physical scaling and multivariate tech- 
niques are used to produce quantitative 
representations of risk attitudes and 
perceptions. Thus, injury from alcohol 
or snowmobiles, for example, constitute 
“acceptable” hazards for most because 
they are controllable, neither dread nor 
global, equitable, and voluntary. Haz- 
ards that are clearly highly unaccept- 
able such as nuclear reactor accidents 
and toxic chemical pollution are classi- 
fied as dreac, global, inequitable, cata- 
strophic, involuntary, and uncontrolla- 
ble. It can be seer intuitively that the 
risk of nosocomial and occupational 
transmission of AT DS would readily fall 
into the latter category. 

The response to the concerns and 
fears about potential occupational or no- 
socomial transmission of HIV and hepa- 
titis B virus has been the development 
of many, and at times disparate, recom- 
mendations, guidelines, and practices 
promulgating infection controls direct- 
ed against occupational transmission of 
blood-borne disease. These have origi- 
nated from individuals, professional or- 
ganizations, and -oeal and federal gov- 
ernment. “=” 

The May 1987 Centers for Disease 
Control, Atlante, Ga, recommenda- 
tions“ have achieved de facto regula- 
tory status beeause the Occupational 
Safety and Health Administration 
(OSHA) mandated (October 19, 1987) 
compliance with the Centers for Dis- 
ease Control guidelines under the tem- 
porary enforcement autharity available 
toit under the general daty clause of the 
Oceupational Health and Safety Act of 
1970. Subsequent inspections per- 
formed by OSHA categorized two 
thirds of the 60000 healthcare workers 
monitored as being in compliance with 
the guidelines; 400 violations were iden- 
tified and penalties levied against facili- 
ties predominant.y for failure to adhere 
to personal protection requirements, 
housekeeping requirements, waste dis- 
posal, and failure to provide training 
and education.” 

On May 30, 1982, the long-anticipated 
Proposed Rule and Notice of Hearing 
for Occupationa: Exposure to Blood- 











borne Pathogens was published in the 
Federal Register by OSHA of the De- 
partment of Labor.” 

The new rules are based on the Cen- 
ters for Disease Control guidelines but 
add a layer of complexity and specificity 
of practice that will have a profound and 
dramatic impact when the new rules be- 
come final. They will have the weight of 
law and, by virtue of stringent require- 
ments impacting all phases of laborato- 
ry practice, will have major conse- 
quences for all healthcare facilities, 
clinical laboratories, and their employ- 
ees. The broad mandate of the rules 
have been extended beyond the tradi- 
tional borders of “healthcare” and are to 
be “based on occupational exposure to 
blood and other potentially infectious 
materials, whether or not the individual 
is employed in the healthcare industry.” 


OSHA PROPOSED RULE 
FOR OCCUPATIONAL EXPOSURE 
TO BLOOD-BORNE PATHOGENS 


General provisions of the rales in- 
clude the following requirements for 
employers to (1) provide a workplace 
free of hazards. (2) provide education 
and training, (3) evaluate all procedures 
in regard to potential infectious agent 
exposures, (4) identify all workers with 
potential hazardous exposures, (5) im- 
plement signage and labeling, (6) imple- 
ment universal precautions, (7) make 
available personal protective equip- 
ment such as gloves and barrier protec- 
tions, and (8) make hepatitis B vaccine 
available to all occupationally exposed 
employees. 


HISTORY OF OSHA 
PROPOSED RULE 


The history of the development of 
the rule reflects strong political pres- 
sure exerted by organized labor that 
included an initial request for an emer- 
gency temporary rule to protect work- 
ers from HIV and hepatitis B. Emer- 
gency rule making was rejected by 
OSHA, but the proposed standard was 
issued in January 1989. Some public 
commentary has been received and the 
rules have undergone clearance at both 
the Department of Labor and the Office 
of Management and Budget. 

It is anticipated that following the 
commentary period and public hearings 
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scheduled for Washington, DC, Chica- 
go, Ill, and San Francisco, Calif, in the 
fall of 1989, a final rule will be adopted 
within 1.5 years. In the interim, OSHA 
will continue enforcement and inspec- 
tion based on existing enforcement 
guidelines. Since 1987, OSHA policy 
has held employers responsible for fail- 
ure to implement the Centers for Dis- 
ease Control recommended guidelines. 
The OSHA’s authority stems from Sec- 
tion 5(a)(1), the “General Duty Clause” 
of the Occupational Safety and Health 
Act of 1970, which requires that “every 
working man and woman must be pro- 
vided with a safe and healthful work- 
place.”"* The document published in the 
Federal Register consists of 97 pages of 
extensive commentary and supporting 
documentation for the six-page pro- 
posed rule. The College of American 
Pathologists, Skokie, Il, has responded 
in detail to the rules; although long and 
difficult to read, every pathologist who 
is concerned with the impact of these 
regulations on laboratory practice 
should be familiar with them. 


SUMMARY OF PROPOSED RULE 


The proposed rules will require the 
following of the employer: a written in- 
fection control plan that identifies and 
documents employees and positions 
with occupational exposure without re- 
gard to the use of personal protective 
equipment. If “reasonably anticipated 
duties” may result in occupational expo- 
sure, a written infection control plan 
must be designed to minimize or elimi- 
nate exposure. The plan shall contain, at 
a minimum, schedules and methods of 
implementation, and shall be reviewed 
and updated as necessary. 

Methods of compliance that are man- 
dated include universal precautions, 
engineering and work practice controls, 
the provision and use of personal protec- 
tive equipment, and specific and rigor- 
ous housekeeping procedures. 

One of the most significant provisions 
of the rule is to require the employer to 
make available hepatitis B vaccination 
to all employees who have occupational 
exposure on average one or more times 
per month. The employer is also re- 
quired to provide post-exposure evalua- 
tion and follow-up in the event of an 
exposure incident. 

Strict demands for record keeping, 
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requirements for signs and labels, and 
information and training programs “ap- 
propriate in content and vocabulary to 
educational level, literacy, and lan- 
guage backgrounds of employees” com- 
plete the mandate of the proposed rules. 


COMMENTARY 
ON PROPOSED RULE 


The specific intent of the proposed 
rules is to reduce the risk of transmis- 
sion of HIV and hepatitis B among the 
nation’s estimated 4.7 million health- 
care workers and those who are em- 
ployed in law enforcement, fire and res- 
cue operations, blood banks and 
research laboratories, correctional fa- 
cilities, and the funeral industry. The 
rules are reflective of high levels of con- 
cern about AIDS transmission in the 
healthcare environment, despite the 
fact that only approximately 25 docu- 
mented cases of HIV seropositivity 
have been documented in healthcare 
workers subsequent to apparent occu- 
pational transmission. This anxiety per- 
sists despite the absence of evidence of 
environmental transmission of the HIV 
virus and summarized data from a num- 
ber of prospective studies that demon- 
strate a low relative risk for nosocomial 
and occupational transmission of HIV.’ 

In a total of 10 longitudinal studies, 6 
seroconversions were recorded from a 
total of 1408 percutaneous exposures. 
Seroconversion was not recorded in the 
absence of parenteral exposure or other 
conventional risk factors. The failure to 
demonstrate seroconversion in house- 
hold contacts of HIV-infected individ- 
uals except in children of infected moth- 
ers and in sexual contacts has been cited 
as evidence against casual nosocomial or 
occupational transmission. 


COMPLIANCE REQUIREMENTS 


The OSHA defines universal precau- 
tions as “a method of infection control in 
which all human blood and certain hu- 
man body fluids are treated as if known 
to be infectious for HIV, HBV and other 
bloodborne pathogens.” It requires that 
“universal precautions shall be ob- 
served to prevent contact with blood 
and other potentially infectious materi- 
als, unless those precautions would in- 
terfere with the proper provision of 
healthcare or public safety services in a 
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particular circumstance, or would cre- 
ate a significant risk to the personal 
safety of the worker.” The exemption 
for delivery of healthcare or public safe- 
ty reasons has elicited vigorous protests 
from representatives of organized 
labor. 

Universal precautions have been gen- 
erally adopted by the healthcare com- 
munity,” but discussion and controver- 
sy about the wisdom and applicability of 
this policy continue.“ The public 
health community and many physicians 
with extensive infection control and 
AIDS experience believe that universal 
precautions represent the best strategy 
to minimize occupational risk and to pro- 
tect against all nosocomial pathogens”; 
nevertheless, some contend that the in- 
flexible application of universal precau- 
tions is costly, may place healthcare 
workers at an added and unnecessary 
risk, and is unpalatable to healthcare 
workers in the face of known infection, 
particularly in low prevalence settings. 

Mandated methods of compliance 
(universal precautions, engineering and 
work-practice controls, and personal 
protective equipment requirements) 
are likely to be the most controversial 
and expensive of the OSHA 
regulations. 

The rule specifies circumstances in 
which gloves, eye protection and face 
shields, and protective body clothing 
must be provided by the employer and 
used by laboratory and phlebotomy per- 
sonnel. General agreement exists that 
gloves are required for anticipated con- 
tacts with blood and body fluids and it 
has been shown that, at least for den- 
tists, the routine use of gloves is associ- 
ated with a decreased risk of acquisition 
of hepatitis B seropositivity.” 

The need for careful attention to nee- 
dles and sharps as well as frequent 
handwashing is well established. The 
former represents the most obvious and 
quantitatively the most important 
source of potential occupational trans- 
mission of HIV and hepatitis B virus. Of 
25 cases of HIV infection associated 
with occupational exposure cited by 
OSHA in the Federal Register, 18 (72%) 
occurred by needlesticks (16) or cuts 
with sharps (2). The remaining 7 expo- 
sures are assumed to have occurred via 
mucous membrane or non-intact skin 
exposure. 





However, an area of eoncern to pa- 
thologists will be the largely unproven 
value of barrier protection methods in 
hospitals and laboratories.” A review of 
the proposed rules will demonstrate an 
excessive and rigid emphasis on the 
mandated provision and use of barrier 
protections and personal protective 
clothing (eg, fluid-proof aprons, gowns, 
gloves, masks, face shields, head and 
foot coverings) when “there is a poten- 
tial for oecupational exposure.” The use 
of potential in this context is far too 
broad and inclusive unless a qualifier 
such as “unavoidable potential” or “lke- 
lihood” is added, thus allewing for the 
exercise of some degree of flexibility 
and judgment in implementation based 
on specifie and local circumstances. 


HEPATITIS B VACCINATION 


Paradoxically, although a safe and ef- 
fective vaccine for hepatitis B has been 
available for many years, it is estimated 
that 18000 healthcare workers are in- 
fected with hepatitis B each year with 
an estimated 200 to 300 annuai deaths 
from complications. It is further esti- 
mated that less than 30% of healthcare 
workers at risk avail themselves of this 
vaccine, The suggested reasons for the 
poor utilization of vaccination include 
cost, concerns about the safety of the 
vaccine, limited knowledge about the 
risks and consequences of hepatitis, 
poor motivation, and the absence of vac- 
cination programs. ”” 

I believe that most pathologists will 
be in favor of the OSHA requirement for 
the employer to make hepatitis B vaeci- 
nation available but many will question 
the apparent mandated provision of 
prevaccination testing of antibody sta- 
tus as expensive and not necessary. 


BIOHAZARD LABELS 


Proposed requirements for signs and 
labels promise to be a source of confu- 
sion, controversy, and expense. The 
rules require that “warning labels shall 
be affixed to containers of infectious 
waste; refrigerators and freezers con- 
taining blood and other potentially in- 
fectious materials; and other containers 
used to store or transport blood or other 
potentially infectious materials....” A 
literal interpretation would require all 
equipment (refrigerators, transport 
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carts, test tube racks) to have the uni- 
versal biohazard symbol, adding no 
measure of safety and diluting the im- 
pact of the symbol (Eoeltge G.A., per- 
sonal communication, 1987). 


COST CONSIDERATIONS 


The OSHA has provided an estimate 
of anticipated costs ineluding an aver- 
age annual cost per facility of $1373, 
with an estimated average cost per hos- 
pital of $82875. Sources outside of 
OSHA believe that the published esti- 
mates are far too low, with documented 
increases in hospital costs of 15% and 
increases of up to 50% in glove costs 
alone.” Although studies in non-AIDS 
hospitals have locked at aggregate costs 
for the care of patients with AIDS,” 
only a limited number of studies have 
attempted to look at the incremental 
costs of implementation. of universal 
precautions and infection control prac- 
tices directed at minimizing the poten- 
tial for occupational transmission of 
HIV and hepatitis B virus. 

At the request of the AIDS Task 
Force of the College of American Pa- 
thologists, R.D. Smith, MD (personal 
communication, 1987) reported the re- 
sults of a study that was performed at 
the University of Cincinnati (Ohio) 
Medical Center. A calculated incremen- 
tal phlebotomy cost of 33 cents per phle- 
botomy was demonstrated based on an 
average annual cost of $100000 ($700, 
bed inpatient service; $500000, outpa- 
tient and emergency department visits: 
and $120000, phlebotomies). 

Whatever the eost, it should be re- 
membered that laboratories in general 
and hospital laboratories in particular 
will be unable ta recover most of the 
incremental costs because of fixed and 
declining laboratery and hospital reim- 
bursement rates. 


AUTOPSY AND SURGICAL 
PATHOLOGY 


An area of particuler interest to pa- 
thologists is that of safety consider- 
ations in anatomic pathology in general 
and in the performance of autopsies in 
particular. The College of American Pa- 
thologists has prepared a video tape on 
the subject of “safety precautions for 
tive Guideline (M29-T), Protection of 
Laboratory Workers From. Infectious 


Disease Transmitted by Blocd, Body 
Fluids, and Tissue’ contains detailed 
recommendations on the procassing of 
clinical laboratory, autopsy, aud surgi- 
cal specimens. 

Some pathologists have expressed a 
reluctance to perform autopsies on 
known AIDS patients or will enly per- 
form limited autopsies in these cases, 
The reasons cited have included an un- 
willingness to expose themse.ves and 
those assisting at the autopsy <0 a per- 
ceived excessive risk as well as the in- 
ability to bring appropriate reseurces to 
bear in the smaller communi:y-based 
facility. Other pathologists emphasize 
that HIV acquisition has never been 
demonstrated as a result of autopsy ex- 
posure and believe equally strongly 
that pathologists have an obligation to 
perform autopsies on patients with 
AIDS, and that such autops:es, and 
indeed all autopsies, can be performed 
safely with the exercise of prucent and 
reasonable care.” It appears obvious 
that the argument is a part of two larger 
debates, namely, the role anc impor- 
tance of the autopsy in general, and the 
controversy regarding the obligations 
of physicians to provide services to 
HIV-positive patients. ”” 


THE ROLE OF THE PATHOLOGIST 


What should be the role of the pathol- 
ogist and the organized pathology com- 
munity in response to the threat of 
transmission of blood-borne disease? I 
believe that our responses should arise 
from our traditional roles as providers 
of patient care services, teachers, and 
scientists. 

The OSHA proposed rule will impose 
a significant new set of regulations and 
burdens on clinical laboratories. The re- 
sponsible laboratory communcty will 
want to fulfill its ebligations to protect 
all laboratory workers but will aiko want 
to play a role in the developmen: of rea- 
sonable and “possible” requirements. In 
announcing the pending standerds for 
blood-borne pathogens, then Labor 
Secretary Ann McLaughlin saic that it 
marked the first time OSHA had en- 
tered into the “disease business” (The 
Washington Times, January 10: 1989). 
In view of the inexperience of OSHA 
and OSHA inspectors in the heelthcare 
and laboratory arena, and instences of 
regulatory and enforcement “owerkill” 
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that have been reported by many pa- 
thologists, it will be of critical impor- 
tance to encourage a final rule that has 
some flexibility. 

Pathologists will play a lead rele in 
the development of institutional pro- 
grams to protect healthcare workers 
and to comply with OSHA and other 
federal, state, and local regulations. In 
many instances, the pathologist will be 
the individual who is most familiar with 
the relevant scientific and epidemiolog- 
ic information and will be called on to 
assist in the implementation of OSHA 
guidelines, universal precautions. and 
educational programs in the laboratory 
and the hospital. 

The pathologist may be placed in an 
anomalous position as a result of these 
responsibilities and the multiple roles 
he or she may have in most healtheare 
facilities, roles that may include that of 
employee, employer, or consulting or 
“contractual” physician. 

Parenthetically, some pathologists 
have reported that they have been ex- 
cluded from negotiations between 
OSHA and the hospital (the employer) 
because the pathologist was not a hospi- 
tal employee but had supervisory re- 
sponsibility for laboratory operations as 
a result of some other contraetual 
arrangement. 

In the hospital setting, pathologists 
will almost always be members of the 
medical staff with corresponding du- 
ties, obligations, and privileges. The re- 
sponsibility to advise the medieal staff 
concerning appropriate responses to 
the threat of blood-borne disease may 
fall to the pathologists and they may 
need to assume, by example and by di- 
rection, a leadership position in defining 
medical-staff policies. 

Pathologists are now presented with 
the responsibility to integrate a new and 
demanding set of federal regulations 
into the clinical laboratory, a setting 
that is already beset by considerable 
resource and fiscal constraints. Compli- 
ance with the process of integration will 
be monitored by an agency of the federal 
government with little or no prior expe- 
rience in the clinical laboratory or the 
hospital environment, and which, by 
virtue of its political origins, may as- 
sume a regulatory stance that will be 
seen by hospitals and laboratory man- 
agement as harsh and confrontational. 
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Syndrome 


How and Why 


Stephen A. Geller, MD 


æ The autopsy on the patient who 


has died of acquired immuncdefi- 
ciency syndrome (AIDS) can be of 
great value to the physicians who 
cared for the patient and to society in 
general. Although the AIDS virus has 
been shown to be significantly conta- 
gious in the clinical setting, there is no 
evidence thus far that it is particularly 
contagious in the autopsy room. in- 
deed, there is no documentation of a 
pathologist or autopsy room assistant 
having contracted AIDS or having se- 
roconverted because of the perfor- 
mance of an autopsy on a patient with 
AIDS. Procedures to follow in the au- 
topsy of the patient with AIDS are de- 
scribed. The hospital pathologist can 
safely examine the patient who has 
died of AIDS by using the weil-estab- 
lished techniques for performance of 
the autopsy. 

{Arch Pathol Lab Med. 
114:324-329) 
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The words fac locus est ubi mors 
gaudet succurrere vitae (“this is 

the place where death delights to help 
the living”) adorn the walls of many 
autopsy rooms throughout the world 
and have done se for hundreds of years, 
since they were first carved into the 
marble of the great anatomic amphi- 
theater at the University of Padua, It- 
aly. For two centuries, since Morgagni 
_ firmly and irrevocably established the 
nciple that the structural bases for 
nical events and for death could be 
ound by the physician performing the 
topsy, there ‘have been countless 
































The Autopsy in 





contributions te the well-being of 
mankind emanating from the intellec- 
tual exercises carried out in the au- 
topsy room. The many discoveries can- 
not be recounted herein, for they are 
literally the textbook of medicine. 

Now the tradition of searching for 
more knowledge about humandiseases 
is seriously threatened by the “ear that 
the autopsy itself may cause serious 
illness, and even death, for the pathol- 
ogist. 

The autopsy room has alwavs been a 
potential source for infection, long be- 
fore the concept of bacteria had been 
developed. Indeed, it may very well 
be that the death of his eslleague, 
Prof Kolletschka, the much-admired 
teacher of forensic pathology at the 
University of Vienna, Austria was the 
critical factor that helped Semmel- 
weiss recognize the possibility of con- 
tagion from the autopsy. Kol etschka, 
one of Rokitansky’s two assistants, 
sustained an accidental Isceration 
during an autopsy and died of an over- 
whelming wound infection with sub- 
sequent sepsis’ Semmelweiss recog- 
nized the similarity betweer Kollet- 
schka’s fatal illness and those of 
women with “puerperal sepsis,” and 
this observation led him to tae devel- 
opment of his seminal contribution, 
which, in turn, brought us «loser to 
understanding the nature cf conta- 
gion. 

How many of us have cut oar hands 
at the autopsy table, just as Kollet- 
schka did? How many nicks? How 


many punctures? Organisms that we 


no longer. recognize as dangerous to 
the pathologist did, at one time, cause 


a variety of infections, and even death, - 
among. those pioneer ‘physicians who — 
studied their patients who had died. - 
Our Professional.. ancestors. worked — 





Acquired Immunodeficiency 


without ventilated rooms, without eas- 
ily cleaned stainless steel tables, with- 
out disinfectants, and without the 
ready protection of antibiotics. Today, 
pathologists are not especially con- 
cerned. about the usual pyogenic or- 
ganisms. Pathologists are not even 
particularly concerned about tubercu- 
losis, although we probably should be. 

Where would medicine be today if 
Bichat, Laennec, Baillie, and Rokitan- 
sky, among countless others, had de- 
clined to perform autopsies on patients 
with tuberculosis? Is the actual risk of 
acquiring a serious illness in the au- 
topsy room greater today than it wasa 
century ago? 

Tuberculosis has always been a po- 
tential risk for the pathologist and re- 
mains so, although the incidence of the 
disease is relatively low. There is grow- 
ing evidence, however, that tuberculo- 
sis is increasing in incidence, and the 
pathologist must remain wary. 

Creutzfeldt-Jakob disease is also re- 
garded as a risk for the pathologist, 
although, unlike tuberculosis, there is 
no documentation of transmission of 
the disease to a prosector, even before 
the time when the extraordinary du- 
rability of the causative virus became 
known.?} There are probably as few as 
200 cases of Creutzfeldt-Jakob disease 
in the United States each year, and the 
likelihood of contact with any pathol- 
ogist is extraordinarily small. Recom- 
mendations for precautions to take for 
suspected cases have been reviewed.‘ 

All patients who die and come to au- 
topsy must be considered. as potential . 
sources of infection with hepatitis vie 


rus. Indeed, the sing : greatest risk to 


pathologists and ancillary personnel is _ 


-viral hepatitis, both hepatitis Band © 
non-A, non-B. (NANB) hepatitis.’ Hep- g 
atitis B can be tested for, and medical 
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| pefsdinelé can, and should, avail them- 
selves of hepatitis B vaccine. There is 
no vaccine for NANB hepatitis, al- 
though one could be developed in the 
coming years now that at least one 
form of. NANB hepatitis has been 
identified.’ 6 
The i issue odiy of course, is ac- 
d im unodeficiency syndrome 
S). Few issues in pathology, in 
modern times, have contributed to as 
‘much concern and disagreement as the 
> question of whether or not autopsy 
should be performed on the patient 
who has died of AIDS. This issue has 
ee transcended pathology i in its direct ef- 
__ fects, as increasing numbers of clini- 
cians obtain permission for autopsy on 
- their patients who have died of AIDS, 
only to be advised that the pathologist 
is not willing to participate in the post- 
mortem examination. 

This article will discuss some as- 
pects of the AIDS virus that pertain to 
these issues, will review the evidence 
concerning risk to the pathologist and 
ancillary staff. in performing the au- 
topsy on the patient with AIDS, and 
will comment on the reasons for au- 
topsy in this population group. There 

-= will also be a review of procedures to 

< follow during the performance of the 
autopsy, based on recommendations of 

the Centers for Disease Control,” the 
National Committee for Clinica] Lab- 
oratory Standards,’ and the guidelines 
promulgated by the Office of Health 

~~ Compliance Assistance of the Occupa- 
tional Safety and Health Administra- 
tion (OSHA) My personal views of 

the need for, and practicality of, im- 
plementation of the various recom- 
mendations will be included and will 

= be identified as opinion. Finally, I will 
< -address the issue of whether or not it 
is peceptable: for the Solna to 
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opment of neoplasia, HIV is cyto- 
pathic, leading to lysis of T cells and 
subsequent profound immunodeficien- 
cy. 

Human immunodeficiency virus is 
spherical, with a lipid membrane de- 
rived from host-cell membrane during 
budding of the virus from the infected 
cell. The lipid membrane surrounds 
the virion core, which contains several 
core proteins and two strands of RNA 
to which are attached the enzyme re- 
verse transcriptase that characterizes 
all retroviruses.” The viral envelope is 
covered by two viral glycoproteins, 
gp4l and gp120, which help attach the 
HIV to the target cell. The HIV ge- 
nome is approximately 10 kilobases 
long and contains the gag gene for en- 
coding the core proteins, the pol gene 
for encoding reverse transcriptase, 
and the env gene for encoding the en- 
velope proteins, as well as at least five 
other genes, some of which regulate 
the pathogenicity of the virus. 

The ways in which the virus can be 
acquired are well known. Initially rec- 
ognized as a disorder of homosexual 
men,'** AIDS is now known to be 
parenterally transmissible, either 
through blood and blood product trans- 
fusion or through the sharing of hypo- 
dermic needles by intravenous drug 
abusers. Heterosexual transmission 
has been documented but is probably 
not as prevalent as was once feared. 
Accidental transmission in the health 
care setting is also well known but still 
quite uncommon.'*? 


How Is the Virus Inactivated? 
Human immunodeficiency virus is 
not particularly hardy. It is readily in- 
activated by a wide range of disinfec- 
tants, including 4% buffered formal- 


dehyde solution, 50% ethyl alcohol, 


3% hydrogen peroxide, phenolic com- 
pounds, iodophor compounds, and so- 
dium hypochlorite (household bleach) 
in a freshly prepared 1:10 dilution in 
water, leading to a final concentration 
of 0.5%. The virus also requires 
moisture and will not survive pro- 
longed drying. 


What Is the Risk to the Pathologist? 


“A number of reports deal specifi- 
cally with the issue of transmission to 


go health care workers in the health care 
setting.” There is, thus far, no evi- 



















dence of transmissien of HIV, docu- 
mented by either seroconversion or 
clinical AIDS, to a pathologist or au- 
topsy room assistant, although other 
health care workers have been identi- 
fied as most likely infected in the work 
setting. This was recently confirmed i 
a survey of hospital pathology depar 
ment directors.” Although anecdota 
the survey failed to identify a single 
instance of infection with HIV among ` 
autopsy personnel, despite the fact 
that autopsies have been performed on 
patients with AIDS for almost a de- 
cade in our largest cities, before the 
potential infectivity of the condition == 
was recognized. It has been well docu- =o 
mented that health care workers in =o 
whom AIDS develops almost always: 
belong to recognized high-risk 
groups.'”*” In contrast, there is sig- = 
nificant risk to the pathologist of be- 
coming infected with hepatitis B or 
NANB during the eourse of an 
autopsy.*® There is also growing con- 

cern, in the clinical setting, that health 

care workers are at risk for the devel- 
opment of pulmonary tuberculosis, of 

the usual Mycobacterium tuberculosis 

type.) It is certainly reasonable to ex- 

pect that the pathologist will similarly 

be at risk as the incidence of this dis- 

order increases. There is still no evi- 
dence, however, of significant risk for- 
development of Mycobacterium avi- 
um-intracellulare or cytomegalovirus, 

or any of the other opportunistic in- 
fections that affect individuals who are 

no longer immunocompetent and that 

are usually related to reactivation of a 
previously acquired latent infection.” 


WHY DO AUTOPSIES IN AIDS 
CASES? 
Regrettably, increasing numbers of > 
pathologists regard this as a reason- : 
able question and even question the 
need for autopsies in general. The re- - 
cent literature dealing with the poten- 
tial usefulness of the autopsy as an ef- © 
fective approach to continuing educa- 
tion and quality assurance leaves no ` 
doubt about the valueof the autopsy in — 
the modern practice of medicine”. 
There iseven cumulative evidence sug 
gesting an association between a hig! 
autopsy rate and the quality of medi 
cal practice,” although a truly scien 
tific model to test this contention reli 
ably has not yet been developed. 
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The value of the autopsy in the case 
of patients who have died of AIDS has 
clearly been shown.” In astudy of 101 
adult patients who died of AIDS, 74% 
had AIDS-related disorders that had 
not been suspected clinically but were 
well documented at autopsy. Further- 
more, in this same group of patients, 
the incidence of non~AlDS-related 
disorders that had not been suspec- 
ted clinically was higher than in au- 
topsy studies of patients without 
AIDS. 

There is much to be learned from the 
death from AIDS. Those who have had 
the opportunity to study this disorder 
at the autopsy table in a large number 
of patients recognize that no two such 
deaths are identical. The specific cause 
of death is often unsuspected, the 
many infectious and neoplastic com- 
plicating disorders may net have been 
recognized during life, and the ob- 
served clinical manifestations may be 
reflections of the effects of more than 
one pathogen or disorder and may be 
treatable if recognized.”*°* We can 
expect that increasing experience with 
this disorder will be accompanied by 
the development of effective and spe- 
cific therapies contributing to long- 
term survival amd even cure. The ap- 
plication of better therapies can only 
be useful if diagnoses are correctly 
established.” 

The autopsy & also important for 
the pathologist «ho may be called on to 
diagnose the variety of relatively un- 
common conditions that afflict the 
still-living patients with AIDS. The 
autopsy is the place to see the full 
range of lesions and impaired host re- 
sponses that are unique te this group 
of patients, and it allows fer the devel- 
opment of sufficient familiarity with 
the morphologie presentations so that 
diagnoses can be reliably established 
during life. For example, it has been 
well demonstrated that the morpho- 
logic patterns of Kaposi’s sarcoma 
vary greatly in the patient with 
AIDS." We receive intestinal biop- 
gies in consultation, a few times a year, 
in which the referring pathologist. is 
nable to establish the diagnosis of 
posi’s sarcoma. That difficulty, we 
elieve, obtains a+ least Portly because 











tunity to study autopsy | cases in which 
range of morphologie potterns for 


this protean disorder may be seen. 
Generally, our residents who have 
studied Kaposi’s sarcoma in autopsied 
patients establish this diagnosis on the 
consultation case without difficulty. In 
a single patient, the pathologist could 
have the opportunity to stucy pneu- 
mocystosis, toxoplasmosis, aud cryp- 
tosporidiosis, as well as immunoblas- 
tie lymphoma or Kaposi’s sarcoma. 


PROCEDURES TO FOLLOW IN THE 
AUTOPSY 


The most important factor m assur- 
ing the well-being of the pathologist 
and coworkers remains the patholo- 
gist. The greatest danger is not the 
case itself, or the quality of theautopsy 
room, but the pathologist’s lazk of re- 
gard for potential risk and lac« of con- 
cern for sensible and thought ul tech- 
nique. 

Excellent practice habits should be 
developed and followed in ail cases. 
There are increasing numbers of indi- 
viduals coming to autopsy with sub- 
clinical and even unsuspected HIV 
infection.” Those who believe that the 
HIV-infected patient can be avoided 
are deluding themselves, unless they 
plan to stop doing autopsies alto- 
gether. The motorcycle accident victim 
who is not known to be gay end does 
not yet have HIV antibodies may be in 
the serologic “window” period, but his 
blood may be teeming with viruses. 
The next myocardial infaretion pa- 
tient may be gay but may not have re- 
vealed that history; he may have no 
evidence of AIDS, may not have been 
tested for presence of the antibody, but 
may have an HIV viremia. The elderly 
woman dead of a cerebrovascular acci- 
dent may have received a blood trans- 
fusion before widespread implementa- 
tion of blood donor screening, or may 
have received a unit of blood from a 
virus-positive patient in whom an an- 
tibody response may not have been 
demonstrable.” 

All of these individuals, ard many 
others, can have HIV in their blood, as 
well as hepatitis B or NANB. The only 
real protection for the pathoiogist is 
knowledge and understanding, good 
autopsy technique, and safe practice. 

is a Special Autopsy Facility 
a Needed? 

A number of. institutiors have 

elected to perform t the autopsy on the 











case with AIDS, hepatitis, or other 
known infection in a special ‘ 
tion” room.” Most do not have access — 
to this kind of facility. We do not 
believe that this is necessary for AIDS. 
or hepatitis, but it would certainly be 
appropriate and necessary for the au- 
topsy performed on a patient who has 
died of a highly communicable disease, 
such as plague. Again, a facility for 
known infectious cases will not protect 
against the increasing numbers of pa- 
tients who will have HIV but have not 
been clinically recognized as infected. 
Certainly, the autopsy room should be 
clean, easily cleaned, well ventilated, 
and well lit. 


Should the Autopsy Room Be 
Closed Except for Essentiai 
Personnel? 


It has been suggested that the au- 
topsy room be closed except for the 
prosector and assistant. This, of 
course, would greatly diminish the po- 
tential educational value of the au- 
topsy. There is no evidence to support 
this policy, since there is no convincing 
evidence that HIV is transmitted in 
the air. Furthermore, health care 
workers who seroconvert or develop 
AIDS do not do so because they have 
viewed an autopsy.'** Certainly, indi- 
viduals who are themselves immuno- 
suppressed or immunodeficient should 
not visit the autopsy room, whether or 
not there is a known case of AIDS. 

In general, the autopsy room should 
be closed to random traffic but, we be- 
lieve, should continue to be a place 
where physicians can learn. It may be 
appropriate, however, to require visi- 
tors to wear at least some form of pro- 
tective garb. 


Are There Any Limitations on 
Autopsy Personne! Themselves? 


Ideally, there should be a prosector 
and a “elean” circulating assistant. 
Clearly, immunosuppressed or immu- 
nodeficient individuals should not per- 
form autopsies. Furthermore, individ- 
uals who have uncovered wounds, 
weeping skin lesions, or other derma- 
titides should not Dri in the | 
autopsy. 


What Protective Garb Should Be. 
Worn? 


The reéommendation of the Na- 
tional Committee for Clinical Labora- 
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tory Standards is for total-body bar- 
rier protection with water-repellent 
protective clothing that includes caps 
or hoods that completely cover the 
- hair. A plastic face shield is advised to 
© cover the entire face and neck region, 
or, alternatively, safety goggles with a 
protective cushion seal. Masks to cover 


__ the mouth and nose are listed as well 


as water-protective boots, double sur- 
~ gical gloves, heavy overgloves, and, for 
certain procedures, stainless steel 
mesh gloves.’ The proposed OSHA reg- 
ulations” indicate that total-body cov- 
erage, using fluid-proof materials, will 
be required. The OSHA regulations, of 
course, carry with them the potential 
< for monetarily punitive actions. Total- 
~~ body disposable suits that include total 
head enclosure and foot cover (“space 
suits”) are commercially available. 

We have no objection to this type of 
coverage, and do make “space suits” 
available for our residents and staff, 
but we do not believe they are neces- 
sary. Forearms can be protected by 
wearing waterproof forearm guards, 
of the kind used in the operating 
rooms. These are also not necessary if 
the prosector dissects carefully. The 
performance of the autopsy should not 
be accompanied by the splashing about 
of blood and body fluids. Prosectors’ 
skin surfaces that do become contami- 
nated should be promptly cleaned. Fur- 
thermore, the commercially available 
waterproof covering garments, includ- 
ing the total-body space suits, can be- 
come sufficiently soaked so that they 
become permeable and do not neces- 
sarily protect against poor technique. 

Although there is no convincing ev- 
idence indicating the need for face 
masks in performing the autopsy, we 
support their use, as well as the use of 
effective eye protection. Recently de- 
veloped face masks do include an eye 
shield, but the shield is not protective 
of the sides of the head and the lateral 
corners of the eyes. Regular glasses are 
not adequate protection, and, at a min- 
imum, wraparound goggles should be 
employed. 

Regular surgical gloves may be per- 
meable because of manufacturing de- 
fects or may become permeable 
quickly with use.” For this reason, a 
number of pathologists choose to dou- 
ble glove. This may, in itself, be dan- 
© gerous if the gloves do not fit tightly. 
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One of the risks of double gloves is that 
sensation may be slightly diminished, 
particularly if the fingertip portion of 
the outer glove is slightly loose, invit- 
ing accidental cuts. Certainly, both 
pairs of gloves may become porous af- 
ter relatively short periods of usage.” 
There is no evidence supporting the 
view that single-glove use is danger- 
ous. In either case, gloves should be 
changed promptly when there is seep- 
age under the glove or any obvious in- 
terruption in the integrity of the glove. 
We recommend that gloves be fre- 
quently changed, whether or not there 
is obvious evidence of tears or leakage. 

Heavy gloves made of latex, neo- 
prene, or other plastics can be used. 
These are somewhat clumsy to use and 
could potentially be dangerous if not 
used carefully, since it is easy to drop 
instruments. Latex gloves, of the kind 
that are available in the supermarket, 
are slippery when wet, and it may be 
difficult to hold instruments. Variants, 
available from laboratory supply 
houses, have grooved surfaces at the 
fingertips that improve their potential 
for holding. 

Stainless steel gloves can be ob- 
tained, made up of coarse chain mail or 
finely woven stainless steel fabric. The 
chain mail gloves are, in our experi- 
ence, quite difficult to use. They do 
have a role, we believe, in special set- 
tings where there is particular risk of 
cutting oneself, such as in the removal 
of pelvic contents. In this setting, we 
recommend the use of the stainless 
steel mesh glove to grab the pelvic or- 
gans and retract them, while severing 
the attachments with a long knife. 

It is especially difficult to hold in- 
struments with the chain mail glove 
unless a latex glove is worn over the 
metal. The fine woven steel gloves are 
considerably more flexible and, for 
those who seek the protection of metal, 
are certainly easy to use. It is impor- 
tant to remember that none of the 
gloves currently available will prevent 
penetration by a needle. Furthermore, 
although the finely woven steel glove 
will resist the usual type of cutting, it 
will not prevent a forceful stab wound. 


Should Special instruments Be 
Used? 


There is no need for special instru- 
ments. The pathologist may want to 





select materials that are autoclavable. 
Ata minimum, they must be cleaned in 
disinfectant such as sodium hypochlo- 
rite (bleach). Aluminum and stainless 
steel are damaged by sodium hy- 
pochlorite, and instruments made of 
those materials should be decontami- 
nated with a 2% aqueous glutaralde- 
hyde solution. In the rare case of 
Creutzfeldt-Jakob disease, prolonged 
soaking in sodium hydroxide solution 
is recommended.’ 


Should Many Scalpei Biades Be 
Prepared So That Blades Do Not 
Have to Be Changed? 


There should only be one set of 
sharps. Some pathologists prefer to 
have many scalpel blades available, so 
that they do not have to-change blades 
in midautopsy. A dull blade is a dan- 
gerous blade, since cutting with a dull 
blade requires more force than with a 
sharp blade. Pathologists should learn 
how to remove scalpel blades. The 
blades most widely used were designed 
to be handled by the operating room 
nurse so that they could be easily and 
safely changed without special devices. 
There is a dull area on the bottom to 
lift the blade slightly fram the handle, 
and a ribbed area at the top to slide it 
on or off the handle. 

Simple wooden blade removal de- 
vices are available, however, if the pa- 
thologists wants to keep hands com- 
pletely away from the biade. A forceps 
or a surgical clamp should not be used. 
These often lead to “flying blades” and 
can contribute to serious accidents. 

Blades should not be passed from 
one prosector to another. They should 
be put dewn on a firm, stable surface by 
one prosector and picked up from that 
surface by the second. In general, a 
nonpointed scissors should be used 
wherever possible. 


What Do We Do About Cutting 
Bone? 


The ribs should not be cut with an 
oscillating saw. This contributes to 
jagged, bony rib edges that can scratch 
or even lacerate. The ribs should be cut 
through the cartilaginous portion, im- 
mediately medial to the costochondral 
junction. The cartilage is, of course, 
soft and will not contribute to acciden- 
tal injuries. 
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in most patients, unless they are 
quite old, the clavicle and sternum can 
be separated with a scalpel. The first 
rib, however, will have to be severed 
with a rib cutter. 

The oscillating electric saw 
(Stryker) should be used sparingly but 
can be used to cut other bones as 
needed. There is considerable aero- 
solization with the oscillating saw. Al- 
theugh a vacuum attachment has been 
recommended,’ it really serves little 
purpose since it does not significantly 
reduce aerosolization. There is no evi- 
dence that HIV is spread by aero- 
solization,' but tuberculosis certainly 
can be, and efforts directed at reducing 
aerosolization are eertainly reeom- 
mended. 

Many techniques have been recom- 
mended to reduce the serosolization 
that follows remowal of the vertebral 
bodies or opening of the calvarium, in- 
cluding attempting to contain the ef- 
fect with a large clastic bag or shield- 
ing the spray by keeping wet towels 
immediately adjacent to the blade. 
These approaches are also less than 
completely effective and are difficult to 
employ. Recentiv, a number of devices 
have been designed that fit on the au- 
topsy table, prevent aerosolization 
into the environment, and allow a fair 
amount of flexibil:ty. 


Should All Organs Bə Fixed? 


The pathologist should fix all organs 
in a known infective case. Although 
the AIDS virus is not easily recovered 
at the time of autopsy from the patient 
who has died of AIDS, patients may 
also harbor hepatitis virus, which 
must be inactivated. There should be 
at least 10 parts ef 4% neutral buff- 
ered formaldehyde solution for each 
part tissue. Formaldehyde solution 
will not penetrate more than 4to5 mm 
in 24 hours, and tissue slahs should be 
no greater than 2 em thick and should 
be separated by towels or papers. 
Bloody formaldehyde solution is not 
an effective fixative and should be 
changed. 

The OSHA regulations require that 
all formaldehyde solution containers 
be appropriately Labeled, even fixing 
pans. Unfixed organs ean be placed 
in a plastic bag and returned to the 
body cavity at the end of the autopsy, 
or incinerated. When fixed tissues have 





served their purpose, they should be 
incinerated. 


Should Fresh Organs Be 
Photographed? 


Clearly, the educational value to be 
obtained from a photograph of macro- 
scopic disease is greater when the or- 
gan is fresh. Discretion with blood and 
body fluids is appropriate, and photo- 
graphic stands and cameras should not 
be contaminated. The HIV virus will 
not survive for long periods with 
drying,“ but the tubercle bacillus 
certainly will. The photographic area 
should be kept scrupulously clean, and 
organs should be transported to the 
camera area with careful attention to 
avoiding spills. Obviously, gloves used 
to handle specimens should not be used 
to manipulate the camera. 


Can an Autopsy Be Performed 
Safely on Patients With AIDS in the 
Average Hospital Without Risk to 
the Community? 


There is absolutely no evidence that 
hospital waste has caused disease in 
the community when it is handled with 
the usual disposal methods.’ It is en- 
tirely reasonable, however, to identify 
wastes with the special potential for 
causing infection and develop methods 
of handling that are practical and 
effective. Infectious waste, in general, 
should be incinerated or autoclaved 
before disposal ina sanitary landfill?! 
Fluids, including blood, may be poured 
down a drain connected to a sanitary 
sewer if allowed by local health codes. 


Are Special Procedures Required for 
Preparing the Body After Autopsy? 


The closed body should be carefully 
washed with a detergent solution, then 
with dilute sodium hypochlorite solu- 
tion, and finally rinsed with water. If 
there is a known contagious organism, 
the body bag should be specially 
marked. This, of course, is not exactly 
according to the precepts of the uni- 
versal precautions. There is evidence 
that specially marking blood tubes re- 
duces the level of concern abeut, and 
vigilance for, unmarked tubes.! This 
could increase infection transmission. 
There are no data about the advan- 
tages or disadvantages of designating 
potential infectivity of bodies, but it is 
probably advisable as a warning to 
morticians and related staff. Although 
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the risk of AIDS in this circumstance 
certainly is virtually nil, the risk of 
hepatitis is significant. 


How Should the Room Be Cleaned? 


The table, instruments, floors, and 
other stable structures should be care- 
fully washed with a detergent to re- 
move the dried blood and fluids. Then 
the detergent should be rinsed away 
and the structures should again be 
washed with a 1:10 dilution of house- 
hold bleach or other germicide, rinsed 
again, and dried. This procedure 
should be followed in every case, and 
should inciude the body-holding area 
and the refrigerator. For the exceed- 
ingly rare case of Creutzfeldt-Jakob 
disease, surfaces and instruments 
should be washed with sodium hydrox- 
ide solution.‘ 


How Does the Pathologist Clean 
Up? 

Ideally, there should be a shower 
adjacent to the autopsy room. In many 
institutions, this does not exist. At a 
minimum, autopsy personnel should 
discard all disposable materials, 
gowns, shoe covers, gloves, and other 
items in red-marked bags, and the re- 
usable materials in other containers 
for autoclaving. Adequate washing fa- 
cilities must be available in the vicin- 
ity of the autopsy room. 

This discussion has not touched on 
all details of performing the autopsy, 
and additional sources’ should be re- 
ferred to when developing a laboratory 
policy. The most important factor in 
assuring the well-being of the pathol- 
ogist and coworkers remains the pa- 
thologist. Sensible and aesthetic dis- 
cretion with blood, feces, body fluids, 
and tissues will contribute greatly to 
overall safety. The greatest danger in 
most settings is not the patient or the 
autopsy facility, but the pathologist’s 
lack of regard for the potential risk 
inherent in every autopsy. The classic 
techniques of the autopsy, which were 
developed when tuberculosis was 
greatly feared, need to be reintroduced 
into residency programs and into the 
practice of pathology. 


CAN THE PATHOLOGIST REFUSE 
TO PERFORM AN AUTOPSY ON THE 
PATIENT WITH AIDS? 

There is no justification for the pa- 
thologist to refuse to perform an au- 
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` topsy because the patient has been in- 
fected with HIV, particularly since 

there is: no evidence that careful au- 
ue, as traditionally prac- 
e pathologist at risk for 
nfection. Furthermore, 
tification for the pathol- 
e to perform an autopsy 
e that there may be little 
m a given autopsy, since it 
documented that it is not 
S to predict whether or not an 
` autó psy will yield clinically unsus- 
pected findings. *°° The only reason- 
able justification, in my opinion, for 
refusing. to perform a postmortem ex- 
a he case of the patient 
h documented or sus- 
: pected H ction is when the lim- 
‘itations. on performance of the au- 
topsy, as listed on the form authorizing 
autopsy, are so severe that they will 
prevent the pathologist from meeting 
the obligations to the profession. The 
ethical requirements for the patholo- 
gist, in terms of AIDS, are in no way 
different from those for other phy- 
sicians.** 
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è The procedures designed to min- 
imize the risk of human immuno- 
deficiency virus (HIV) transmission 
through transfusion include donor 
self-exclusion, health history ques- 
tions, confidential unit exciusion, do- 
nor call back to withdraw donation, 
and HIV antibody testing. Each step is 
important for reducing the number of 
units collected from donors who are 
at risk for HIV infection. Although HIV 
antibody test kit sensitivity exceeds 
99%, recently infected persons who 
are in the “window” between infec- 
tion and seroconversion are not de- 
<- tected. “Worst scenario” estimates 
indicate that 1 of 36 0COto 1 of 300 000 
. components may be collected from 
donors who have false-negative test 
results. Since some risk of infection 
transmission remains, physicians 
must prescribe transfusion therapy 
‘only when the benefit outweighs the 
potentialrisk. 
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donors undergo a multistep screening 
process. Specifically with regard to hu- 
man immunodeficiency virus (EIV) m- 
fection, donors receive information 
about activities placing people at risk 
for HIV infection, are asked medical 
history questions pertaining to acquired 
immunodeficiency syndrome (AIDS), 
are instructed to use the confidential 
unit exclusion (CUE) procedure, and 
have a sample of blood tested for anti- 
body against HIV. In addition, donors 
may call back to the organization-collect- 
ing their blood if, after donation, they 
acknowledge their previous participa- 
tion in activities placing them at risk for 
HIV infection. Individually, these mea- 
sures are effective. Cumulative y, they 
provide an effective mechanism for 
safeguarding the blood supply. Never- 
theless, in the absence of an effective 
viral inactivation procedure, the risk is 
not, and will never be, zero. Currently, 
“worst scenario” estimates indicate the 
risk of contracting AIDS through a 
blood transfusion is approximately 
0.0025% to 0. 0003% per component. 


=e 






) mile pa patients ind na pi 
re ived : a Shared ot 


Risk of Transfusion-Associated 
Human Immunodeficiency Virus Infection 


January 1983 for reducing the risk of acquir- 
ing AIDS through transfusion. ™* The Food 
and Drug Administration (FDA) made simi- 
lar recommendations to blood collection es- 
tablishments in March 1983.‘ People with 
symptoms of AIDS, homosexually active 
men with multiple sex partners, intravenous 
drug abusers, hemophilic patients, immi- 
grants from Haiti, and sexual partners of 
persons at increased risk for AIDS were 
asked not to donate because they might be at 
risk of transmitting AEDS to a transfusion 
recipient. These recommendations were 
made despite a lack of evidence documenting 
transmission of AIDS through transfusion. 
Since the appropriate response by persons 
at risk for HIV was to defer themselves and 
not present for blood donation, it is impossi- 
ble to quantitate the success of this approach. | 
However, in the greater New York City, _ 
NY, metropolitan area, during comparable - 
9-week periods in 1982 and 1983, the percent- 
age of male donors decreased from 62.6% to 
61.5% (P<.001)," The most significant de- 
crease occurred in New York City where 
12% fewer males between the ages of 21 and 
35 years donated blood during the study peri- 
od in 1983 compared: with the same time in 
1982. (P<, 001). The age and geographic dis- 
tribution of the donors no longer presenting 
at. blood. collection s sites in cated that pany N 
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ce supporting the effec- 
ferral relates to changes 
ag modification of the infor- 
presented to donors. For 
c October 1985, “males who 
th more than one male since 

19 ales whose male partner has had 
sex with more than one male since 1979,” 
“were listed as a risk group for AIDS. The 

wording was changed to “a male who has had 
sex: with r male anytime since 1977.” 
umber of donors found to 
antibody decreased from 
i% in Connecticut. This 
Eer asat ted, i in part, tot the revised 
y “donor information material. 

Although effective, the self-exclusion pro- 
cess did not:result in total cessation of at-risk 
persons from donating.” Approximately 1 of 
10000 donors nationwide continues to be 
found positive for HIV antibody. The major- 

> ity havea history of high-risk activity.” They 
-<= donated because they had few or no recent 
risk exposures, were in good health, did not 
consider themselves to be HIV carriers, felt 
pressure to donate at the work site, or do- 

| hated! to get HIV testing. ap 


















































“Donor History Questions 


The blood donor history questions were 
changed in 1988 to determine whether do- 
nors had signs or symptoms of AIDS, fever, 

o>. night sweats, thrush, lymphadenopathy, or 
_ Kaposi's sarcoma. Approximately 0.4% of 
: potential. donors were rejected by the Great- 
er New Yo ork Blood Program in 1983” because 
-of affirma answers to these eon 
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designed to prevent the blood from those 
persons at risk for AIDS who perceive peer 
pressure to donate from entering the general 
blood supply. Initially, CUE was imple- 
mented at the Greater New York Blood Pro- 
gram by asking donors to complete a confi- 
dential form that described AIDS high-risk 
groups and the possibility of AIDS transmis- 
sion by blood transfusion.” The donor was 
then requested to indicate whether “my 
nee ee should be used only for stud- 
ies” or “my blood donation may be used for 
Sean Donors completed the form at 
privacy stations. The form contained the 
identifying number attached to the blood unit 
but did not have the donor’s name or signa- 
ture. Standard tests were performed on all 
donated units, and donors with abnormal re- 
sults were notified of such results. Overall, 
1.4% of Greater New York Blood Program 
donors excluded themselves. An additional 
1.6% did not complete the questionnaire. 

In New York City, 70% of donors who 
excluded themselves were men compared 
with 62.5% among the “for transfusion” do- 
nors (P<.001). Male donors less than 36 
years of age had a self-exclusion rate of 1.6% 
compared with 0.8% for those older than 36 
years (P<.001). The prevalence of test re- 
sults positive for hepatitis B surface antigen 
was 0.49% among those excluding units com- 
pared with 0.27% in donors signifying their 
blood could be used for transfusion. Of do- 
nors excluding themselves, 11.9% were posi- 
tive for hepatitis B core antigen compared 
with 6% of donors who had designated their 
blood “for transfusion.” Concern arose that 
self-exclusion at the time of donation would 
serve as a stimulus to members of high-risk 
groups to provide blood for studies. It was 
thought that this did not occur. Overall, in- 
vestigators at the New York Blood Center 
thought CUE added to the other measures 
used to decrease the risk of transfusion-asso- 
ciated AIDS. The FDA issued a memoran- 
dum recommending the use of CUE in Octo- 
ber 1986. 

The postulated benefit of CUE is sup- 
ported by a series of studies performed at the 
Toronto Center, Canadian Red Cross Blood 
Transfusion Service. ”™ Donors who desig- 
nated their blood for laboratory purposes 
were found to have higher rates of confirmed 


positive tests for HIV antibodies and other 


viral markers than those who indicated their 


blood could be used for transfusion. 


i The consistency with which donors used 
CUE was studied in Toronto. More than 99% 


_ of donors who indicated their units were safe 
for transfusion made the same designation at 
- » the time of their next blood donation. How- 


fal” "ever, approximately one third of donors who 
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< - designated their blood to be used for labora- 
ot be H tory studies only at the time of one donation 
iso gave the same response at subsequent dona- 
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tions. In addition, donors indicating their 
blood should be used for laboratory purposes — 
only tended not to return to donate as often __ 
as those who indicated their blood was safe ; 
for transfusion. i 
The efficacy of CUE has been ques- 
tioned." A perceived lack of benefit may be 
related to the effectiveness of the donor edu- 
cational materials and the donors under- 
standing of the system. A decrease in the ` 
number of donors selecting the option indi- 
cating laboratory use only for their blood ` 
was observed among persons donating in 
southeastern Wisconsin when the CUE in- 
structional format was modified to include a 
pictorial description (J.E.M., unpublished — 
data, 1989). This was interpreted to mean — 
that the instructions initially used were not _ 
optimal. 















Cali Back 


The American Association of Blood Banks, 
American Red Cross, and the Council of 
Community Blood Centers issued a recom- ii. 
mendation in January 1984 that blood collec- > © 
tion agencies implement a system by which =< 
persons in high-risk groups for HIV infection 
who were donating (presumably because of 
peer pressure to do so) could “call back” te 
have their unit removed from the general. 
blood inventory supply. The efficacy of this 
approach has been difficult to document, al- 
though there are anecdotal reports of donors 
using this system. Following introduction of 
CUE, the call-back system was believed by 
many to be superfluous. However, it is used 
in conjunction with CUE at some centers. 


HIV Antibody Testing 


The discovery of HIV. the etiologic agent 
for AIDS, was announced in April 1984." The 
FDA approved license applications for test 
kits in March 1985. During the spring of 1985, > 
HIV antibody testing of blood donors became — ~ 
routine. Approximately 0.04% of donors had | 
confirmed positive results.” Blood collected | 
from donors who are positive for HIV anti- — 
body is destroyed, and the donors are noti- 
fied, counseled, and deferred from further 
blood donation. 

Test introduction did not cbviate the need | 
for the other donor sereening measures, | 
however. The tests detect antibody, and — 
hence, some recently infected persons (who. _ 
have the potential to transmit HIV) might. 
have negative test results. = 

False-positive HIV Antibody Test Re- - 
sults. — The specificity of HIV antibody test. 
kits also poses important questions. Test kits. 
with a high degree of nanspecificity create a 
cohort of donors with false-positive result 
ie, donors with repeatedly reactive enzyme- 
linked immunosorbent assay (ELISA) test 
results that are not confirmed by more spe- 
cific testing such as Western blot or radioim 


























munoprecipitation assays. The causes of non- 
specific reactions include eross-reactivity 
with HLA antigens present in the cell lines 
used for preparing antibody test kit re- 
.. ‘agents, cross-reactivity with other retro- 
| virus infections (eg. b ovine retroviruses), or 
unknown reasons,” ™ A small percentage of 
donors with indeterminate Western blot test 
results (P24 reactivity only? have been 
shown to have complete seroecnversion pat- 
terns when tested suhsecuently.”" 

In general, distinguishing these with false- 
positive results fror those in the early stage 
of seroconversion is aot always possible on 
the basis of testing a single sample. For this 
reason, all donations from persons with re- 

- peatedly reactive ELISA results are not 
uséd for transfusion purposes. Currently, 
the FDA allows “reentry” of donors with 
repeatedly reactive ELISA results and neg- 
ative confirmatory test results if a specimen 
obtained at least 6 months subsequently is 
nonreactive on beth ELISA and Western 
blot tests. The time interval between the 
first and repeated specimen cellection is con- 
sidered sufficient for a persomto evolve from 
an indeterminate sereconversion pattern to 
one that would be reactive unequivocally. 
Hence, truly infected individuals would test 
positive while those with nonspecific reac- 
tions would be clarified as having false-posi- 
tive results. Subsequent donations are en- 
tered into the general blood supply. 

False-negative mad ABEBOSS Test Re- 





those i in which the ELISA test for H IV A 
body is negative despite the test subjects 
presumed ability te transmit HIV. These 
persons are identified retrospectively when 
their blood transmits HIV despite a negative 
HIV antibody test result. In addition, tech- 
niques that are more sensitive than antibody 
testing, such as those using gene amplifica- 
tion procedures, have demonstrated the 
presence of HIV in these donors despite neg- 
ative serologic findings. 

Window Phase HIV Antibody Testing. — 
The interval betweer: infection and the time 
-of seroconversion (the so-called window) is 

thought to be 2 to § months.” However, sev- 
_ eral reports indicate persons may be infected 
-for prolonged pericds prior to serocon- 
version. 
< Ranki et al” deteeted free HIV antigen 
“ador low titer antibodies to structural or 
- nonstructural HIV proteins 6 to 14 months 
_ before seroconversie in nine persons who 
_ seroconverted as determined by routine 
thniques. Loche and Mach” analyzed 
lood samples from 15 seronegative sexual 
rtners of HIV-infected homosexually ac- 
tive men by polymerase chain reaction (PCR) 
techniques. Five were positivefor HIV DNA 
_ during a 3-month period when the serologic 
results were negative. 




























Recently, Imagawa et al” reported HIV 
was isolated from 31 (28%) of 133 mea by viral 
culture technique, 27 of whom were serone- 
gative for up to 35 months after the positive 
culture. Four seroconverted 11 to 17 months 
after the positive HIV eultureresul:, and 3 of 
these patients, who had cryopreserved lym- 
phocytes, had evidence of proviral DNA by 
PCR. The provirus was detected 23 to 35 
months before seroconversion. The authors 
concluded that a prolonged period cf latency 
may be more eommon than previously 
recognized. 

Evidence that does not support she pres- 
ence of a prolonged latent period ^as been 
presented by Groopman et al.” They con- 
ducted a longitudinal study ef sexual part- 
ners of patients with AIDS or AIDS-related 
complex. No serologic or viral culture evi- 
dence of HIV infection was found :n serum 
samples obtained upto 24 months prior to the 
time of seroconversion. Also, Jackson et al” 
used PCR techniques to study heterosexual 
partners of HIV-infected hemopnilic pa- 
tients who practiced unproteeted sex. They 
found no evidence of HTV infection is persons 
whose test results were negative for HIV 
antibody. 

It is hoped the controversy surrounding 
the length of the window peried and the fre- 
quency with which HIV transmissien occurs 
during this period will be resolved. Until this 
occurs, most decision-makers consider 6 
months as the practical outsice limet during 
which seroconversion occurs. 

Seroreversion.~-Farzadegan et al” re- 
ported that 4 of 1000 men involved in the 
longitudinal Multicenter AIDS Cohcrt Study 
reverted from seropositive to sercnegative 
for HIV antibody over a 2!/2-year period, The 
PCR assays dene on peripheral bloed mono- 
nuclear cells when the ELISA tests were 
negative showed HIV provirus in the 4 men 6 
to 18 months after the last positive antibody 
test result was obtained. They conclided the 
incidence of seroreversion is low (0.4%). 
Nevertheless, the authors were unable to 
demonstrate that the men continued to be 
infectious to others. 

Nonspecific Testing. —Pricr to the avail- 
ability of a specific marker for HIV infection, 
the use of nonspecific or surrogate tests was 
advocated by some. The intent was to test for 
markers found in a higher percentage of per- 
sons in AIDS risk groups thanin the general 
blood donor population. By doing this, it was 


hoped that a laboratory test abnormality 


would identify those at risk of transmitting 
AIDS through transfusion. Severa. studies 
were performed to determine the efficacy of 
using such nonspecific tests as the hepatitis B 
core antigen test, T-helpe.wT-suspressor 
lymphocyte ratios, and circulating immune 
complexes. Several of these tests were im- 
practical to implement in blood centers. The 
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test for hepatitis B core ioe. although.. 
positive more frequently among patients 
with AIDS than blood donors, did not identi- 
fy those who might transmit AIDS.” Overs 
all, the ability of surrogate tests to diserimi- 
nate potentially infectious donors from 
noninfected donors was not deemed suffi- 
cient to justify their implementation on a 
wide-scale basis. 
NARROWING THE WINDOW 

The window phase may be narrowed 
by further refinements in donor history 
questioning and provision of informa- 
tion, through the use of more sensitive ` 
laboratory tests, such as tests for viral... 
nucleic acid and HIV antigen, or by a — 
combination of these approaches. 


Use of Specific Questions 
About Risk Behaviors 
In 1983, the American Association of 
Blood Banks, American Red Cross, and 
Council of Community Blood Centers 
issued a statement indicating that 


direct or indirect questions about a donor's 
sexual preference are inappropriate. Such an 
invasion of privacy can be justified only if it 
demonstrates a clear-cut benefit. In fact, 
there is reason to believe that such ques- - 
tions, no matter how well intentioned, are 
ineffective in eliminating those donors who 
may carry AIDS. 


More recently, investigators in 
southwest Florida and San Bernarcino, 
Calif, conducted a pilot study to deter- 
mine whether more specific questions 
asked orally would insult donors and 
elicit angry responses or whether they 
would be helpful potentially in identify- 
ing some individuals who had partici- 
pated in AIDS risk factor activities.” 
They found the questions were accept- 
able, in general, to donors. Moreover, 
there was a suggestion that the ques- 
tions helped to identify a few persons 
who participated in HIV risk activities 
but had failed to self-defer. 

In August 1989, the American Asso- 
ciation of Blood Banks issued a state- 
ment recommending a change in the 
previous guideline and suggested that 
all donors receive orally presented in- 
formation to assure they understand 
the activities that place people at risk 
for HIV infection and how to use the — 
CUE process. 

HIV Antigen Testing 

A brief interval in which P24 antigen 
is detected by serologic techniques oc- 
curs prior to development of HIV anti- 
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bodies.’ *® Sere Im specimens obtained 
before HIV seroconversion occurred in 
og hilie p patients and serum speci- 





e symptomatic were nega- 


-The ie antigen was detected i in such 
donors when they were negative for 
es HIV antibody. nosis these stank 





safety of pla ma riie is less 
-o dear. Albumin and coagulation factor 
concentrates undergo viral inactivation 
procedures that are considered suffi- 
cient to destroy trace contamination 
with HIV. Immune globulin prepara- 
tions undergo fractionation and inacti- 
vation procedures that negate trans- 

< mission of HIV. 

+ On the other hand, whole blood and 
the. components derived from whole 
blood donations do not undergo viral 

_ inactivation procedures. Implementa- 
~ tion of HIV antigen testing is postulated 
as a mechanism for narrowing the win- 
dow phase. However, the theoretic util- 

ity of testing whole-blood donors for 
HIV antigen was not demonstrated 
when applied to the routine donor set- 
ting. Among 600000 persons donating 
blood in Bavaria and Austria, none was 
found to be positive for HIV antigen and 
negative for HIV antibody.” In a study 
sponsored by the American Association 

of Blood Banks and the FDA, none of 
500000 US blood donors was found to be 

. positive for HIV antigen and negative 

ae for HIV antibody. This information, in 
part, led to the FDA's decision not to 

a recommend HIV antigen testing as a 

z Beern test for volunteer whole- 
~ blood donors at the meeting of the Blood 
' Products _ “Advisory Committee on 
March 23, 1989. 
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PCR Techniques 


At the current time, the PCR tech- 
nique is reserved for research purposes 
for detection of HIV.” Development of 
this procedure is being monitored. If 
sufficient progress is made, PCR test- 
ing will likely be adopted readily by 
bleod collection agencies. 


Use of Antibody Tests 
Using Recombinant Antigens 
or Semisynthetic Polypeptides 


One test kit that uses HIV recombi- 
nant antigens to detect HIV antibody 
is licensed by the FDA. It is recom- 
mended for use in emergency situations 
or when ELISA tests are not available. 
It has not been recommended for rou- 
tine blood donor screening. 

Previously, the FDA was reluctant to 
license tests using HIV-derived recom- 
binant antigens for routine blood 
screening because of the possibility of 
genetic drift of the HIV virus and the 
resultant production of antibodies that 
would not be directed against epitopes 
contained in the recombinant-derived 
tests. Currently, this is addressed by 
choosing antigens derived by recombi- 
nant techniques or those chemically 
produced with semisynthetice peptides 
that correspond to relatively conserved 
regions of the virus. 


ESTIMATE OF CURRENT RISK 


Four published studies and one pre- 
sented in abstract form indicate the risk 
of contracting AIDS from donors tested 
for HIV antibody is approximately 1 in 
36000 to 1 in 300000 per component 
transfused. >“ By contrast, the per- 
component risk of contracting fatal he- 
molytic transfusion reaction is 1 in 
100000, and the risk of contracting non- 
A, non-B hepatitis is 1 in 100 per compo- 
nent.“ The statistical basis on which 
these estimates are made is derived 
mainly from donations collected be- 
tween March 1985 and December 1987. 
This corresponds to the period in which 
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the prevalence of denors positive fo 
HIV antibody was higher than that cur 
rently observed.” Since the rate of de 
nors testing positive deereased at a ri 
of 30% per year between 1985 and 198’ 
and has continued to decrease, a recen 
estimate for the false-negative results _ 
as 1 in 153 000 units is more realistic.” = 


ZERO-RISK BLOOD SUPPLY 


A prevailing perception is that the - 
public demands zero risk with regard to 
blood transfusion and the possible. 
transmission of HIV." Unfortunately, 
zero risk cannot be achieved. This per- 
tains to all therapeutie modalities in- | 
cluding blood transfusion. The potential — 
lifesaving benefits of transfusion should 
not be denied because of anxiety dispro- — 
portionate to the risk. The risk of ae- 
quiring: AIDS through a transfusion — 
should be compared with other risks 
commonly accepted by patients under- 
going therapeutic procedures. Ideally, 
patients should be informed of potential 
risks and potential benefits associated 
with transfusion so that an appropriate 
decision can be made. Itis incumbent on 
physicians to prescribe transfusions 
only in situations where'the benefit out- 
weighs the risk. 


CONCLUSIONS 





Currently, the risk of acquiring HIV 
infection through transfusion is approx- 
imately 1 in 153 000 per component. This 
risk pales in comparison with other risks 
routinely accepted by hospitalized pa- 
tients. However, it continues to engen- 
der emotional discord and outright fear 
on the part of some patients for whom 
transfusions are ordered. These pa- 
tients demand zero risk. Unfortunately, 
this is not possible. Additionally, it is 
somewhat ironic that the public contin- 
ues to focus on this aspect of transfusion 
when the blood supply is safer than it 
has ever been. It is hoped the advances 
made in transfusion safety will contin- 
ue, and the public will evaluate the risks 
in perspective. 
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ont Safety of Clotting 


in, MD, William A. Fricke, MD 


, Earlie : ommercial clotting fac- 
ee tor concentrates transmitted hepati- 
tis viruses to 100% and acquired im- 
i. munodeficiency syndrome viruses to 
~~ 60% to 80% of patients with hemo- 

= philia. Transmission of the human 
_..immunodefieciency virus was nearly 
eliminated by heating concentrates 
-in the lyophilized state, which has 
been done since 1983. However, hu- 
man immunodeficiency virus infec- 
_... tions were still transmitted by some 
products “dry heated” under condi- 
_ tions less extreme than 68°C for 72 
hours. Newer virus-inactivating pro- 
-cedures include “dry heating” at 80°C 
for 72 hours, modified heating in n- 
heptane or water vapor, heating in 
solution, treatment with solvent-de- 


Although the availability of com- 
AA mercially prepared coagulation 
“factor concentrates, including factor 
VIII and factor IX complex. has dra- 
_ matically improved the care of patients 
: with hemophilia A and B since the early 
1970s, these plasma-derived products 
smitted hepatitis B virus 
non-B hepatitis viruses 
“hepatitis delta agent, 
on virus 
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tergent mixtures, monoclonal affinity 
purification plus inactivation, and al- 
kylation with beta-propiolactone 
(only for factor IX complex). These 
procedures have eliminated signifi- 
cant loads of human immunodefi- 
ciency virus, hepatitis B virus, and 
non-A, non-B hepatitis virus in lab- 
oratory studies. However, clinical 
studies have shown transmission of 
hepatitis non-A, non-B for products 
“dry heated” except at 80°C and for 
products heated in n-heptane. Elimi- 
nation of hepatitis B has been difficult 
to demonstrate, suggesting a contin- 
ued need for immunization. 

(Arch Pathol Lab Med. 1990;114: 
335-340) 


(HIV) to a large percentage of recipi- 
ents, with significant resultant morbid- 
ity and mortality.” Factor concentrates 
can also transmit human parvovirus, 
but infection is probably of no long-term 
consequence except in persons with 
preexistent anemia.'” The prevalence of 
viral markers and the associated dis- 
eases in patients with hemophilia are 
summarized in Table 1. Other blood- 


borne agents, such as human T-cell lym- 
-photropic virus type I, cytomegalovi- 
ms Tus, Epstein-Barr virus, and hepatitis 
-< A virus, do not seem to be transmitted 
: by” fractionated products. Fortunately 





patients not already infected, the 





ires into the manufacture of coagu- 
ion factors, beginnin g with dry heat- 
n g in 1983, has virtually eliminated 
ransmission of HIV, and the data sug- 





oductio: 1 of virus-inactivating pro- 
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gest that some of the newer inactivation — 
processes, including heating in solution 
(pasteurization), treatment with sob 
vent-detergent systems, affinity purifi- 
cation plus inactivation, heating in an a 
organic medium, hot vapor treatment; — 
and dry heat under extreme conditions 
(at least 68°C for 72 hours), have sub- 
stantially reduced the risk of HIV trans- 
mission.’ Most of these processes also... 
appear to reduce the risks of transmis- 
sion of HBV and NANBHV.*” Purifi- 
cation by the use of monoclonal antibody 
affinity not only contributes to viral 
safety but also may have a further medi- 
cal benefit in reducing immunostimula- 
tion by other contaminating plasma pro- 
teins.” For some patients, particularly 
those with von Willebrand's disease, it 
remains necessary to treat with cryo- 
precipitate, which is not treated to inac- 
tivate viruses. In this instance, it has. 
been recommended that the product be - 
obtained from a single well-sereened 
and repeatedly tested donor or from a- 
small number of such donors whenever 
possible,” 7 
This review will survey the progress. 
that has been made in improving the 
safety of commercial clotting factor con: 
centrates by summarizing the current 
methods of inactivation of viruses in- 
these products and the recent studies- 
that have generated a profile of virus _ 
killing and clinical safety. : 






















SIGNIFICANCE OF VIRUS - 
TRANSMISSION BY UNTREATED: 
CONCENTRATES 


Prior to the use of virus-inactivati 
steps in manufacturing clotting fa 


Table 1.—Prevalence of Viral Markers in the. Hemophilia Population and 
Their Associated Diseases 





Virus ~ Marker Prevalonce Associaied Diseases 
HBV® 20% havea! anti-hepatitis B serum, Acute and chronic hepatitis, 10% 
5% to 10% have persistert risk of cirrhosis in chronic cases 
_ hepatitis B- surface antiger: 
MANBHV’ 25% to 50% have persistentiy Acute and chronic hepatitis, 29% 
elevated alaninine tisk of cirrhosis in chronic cases 
oe aminotransferase level ć 
: © Delta agent? SD% have antibodies Acute and chronic hepatitis irs 
ae HEBYV-positive subjects, increases 
a ea ees ee severity of hepatitis B 
HIV® 69% to 80% have antibodies, with Acquired immunodeficiency 
GO% in severe cases syndrome and acquired 
immunodeficiency 
Bere ee ee et syndrome - ~reiated complex 
Parvovirus" 83% «ave antibodies Acute marrow depression, risk of 


“HBV indicates hepatitis B virus; NANBHV, non-A, non-B hepatitis virus; and HIV, human immunodeficiency 


- virus. 


¿> concentrates, all patients treated with 
over 10000 U of factor VIH concentrate 
were reported to shew evidence of expo- 
sure to HBV.” Clinical studies have also 
revealed a rate of transmission of non- 
A, non-B hepatitis of 30% to 100%.” 
Based on these findings, it is likely that 
all lots were capable of transmitting 
these agents. Approximately 20% to 
40% of patients developed chronic ac- 
tive hepatitis due either to HBV (10% of 
patients) or NANBHV, and follow-up 
studies showed a significant risk of cir- 
rhosis and death,” especially for pa- 
tients with non-A, non-B hepatitis. The 
impact of HIV has been even more dev- 
astating. Since the first recognized 
eases of transfusien-transmitted ac- 
quired immunodeficiency syndrome in 
1982, HIV infection ras oceurred in 80% 

to 90% of patients with severe hemo- 

_ phiha A and as many as 40% to 50% of 

- patients with mild er moderate hemo- 

- philia A or hemophilia B.” Fewer pa- 

< tients with von Willebrands disease 

have been affected because of both re- 

-duced product exposure and the use of 

eryoprecipitate, which earvies less risk, 

for statistical reasons, because it is de- 
rived from fewer donors.” At this writ- 

) ing, the acquired immunodeficiency 

_ syndrome had already developed in 7% 

_to 9% of seropositive individuals, and 

_ more than half of these persons had al- 

y died. This is similar to other co- 

-h | ted persons.” Human 

| E RNA virus infection has 

: also been unwittingly transmitted to 

many of the sexual partners of these 

































apiastic anemia 


NATURE OF THE PROBLEM 
OF SAFETY FROM VIRAL 
CONTAMINATION 


Plasma-derived coagulation factor 
concentrates are likely to be centami- 
nated with infectious viruses for several 
reasons: (1) The preducts are made from 
very large pools of plasma, each ob- 
tained from up to 8000 donations, with 
additional pooling of process intermedi- 
ates. In such large population semples, 
even rare carriers of infectious diseases 
are likely to occur. (2) Tests to screen 
for causal agents in donated plasma may 
not exist or, when available, ere not 
100% sensitive. In particular, a specific 
test for HIV did not exist unta 1985, 
surrogate tests for NANBHV probably 
detect fewer than 60% of carriers,” and 
HBV can be transmitted Jespite 
screening for hepatitis B surface anti- 
gen in the nanogram range. In cambina- 
tion with the large number of dorations, 
it becomes likely that plasma peols for 
fractionation will be eontaminated by a 
small number of donations that either 
escape detection for pathogens or are 
released from quarantine at the collec- 
tion site through clerical error. It is pos- 
sible that even a single unit of plasma 
infected with HIV, NANBHV, cr HBV 
contains a sufficient virus titer torender 
all final container material infectious.” 
(3) Due to the lability of the coagulation 
factors, the processes used for prepar- 
ing them are of a gentle nature chemi- 





eally and ; are unable to inactivate virus- 


es that happen to be copurified with 
them puring manpfacturing. Tis dis- 
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tinguishes the clotting factor concen 
trates from albumin and plasma proteit 
fraction, which have been rendered safe 
by pasteurization for over 30 years. Im- _ 
munoglobulins prepared by Cohn-On- | 
cley fractionation have also been safe, 
but the scientific basis seems to be com- 
plex, including a combination of virus 
clearance during fractionation, virus in- 
activation involving cold ethanol precip- 
itation at some steps in the process, and 
the presence of antibodies to HBV in the 
final product.” 


METHODS OF VIRUS INACTIVATION 
IN CLOTTING FACTOR 
CONCENTRATES 


The methods of virus inactivation 
used to prepare commercial clotting fac- 


tor concentrates are summarized in Ta- 
ble 2, 


Heat Inactivation 


Although originally developed in an 
attempt to reduce transmission of hepa- 
titis viruses,” heating of lyophilized fac- 
tor VIII and factor IX has been more 
effective in reducing transmission of 
HIV. In general, clotting factors are 
highly labile to the effects of heating. 
However, the stability of the proteins 
(and contaminating viruses) is influ- 
enced by the temperature, moisture 
content, and chemical milieu, including 
the presence of other proteins or sugars 
as stabilizers. In general, inactivation of 
viruses is more rapid in the liquid than 
the lyophilized state.” “Dry-heating” 
procedures have included exposure to 
60°C for 24, 30, 72,” and 144 hours, ex- 
posure to 68°C for 72 hours, and expo- 
sure to 80°C for 72 hours.” Only the last 
three processes are still in use. Modifi- 
cations of these direct procedures have 
included suspension of the lyophilizate 
in n-heptane before heating at 60°C for 
20 hours” and exposure to water vapor 
at 1190 mbar in nitrogen at 60°C for 10 
hours for factor VIII plus 80°C for 1 
hour at 1370 mbar for factor IX complex 
and anti-inhibitor coagulant complex.” 
With the addition of sucrose and glycine 
as protein stabilizers (analogous to the 


use of sodium caprylate and N-acetyl- 


tryptophan to stabilize albumin) it has 
become possible to “pasteurize” factor 


VII in the liquid state at 60°C for 10 
hours.” 


A worldwide survey by the Centers 


for Disease Control, Atlanta, Ga, of ap- — A 
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Hb Table 2. —Methods of Virus inactivation Used in the Commercial Preparation of Clotting Factor Gaceaniwies 


Manufacturer 


Alpha Therapeutic Corp, Los 

Angeles, Calif 

Armour Pharmaceutical Co, 

_ Blue Bell, Pa 

Hyland Division, Baxter 
Healthcare Corp, Glendale, 
Calif 

Hyland Division, Baxter 
Healthcare Corp 

Cutter Biological, Berkeley, 
Calif 

Blood Products Laboratory, 

Elstree, United Kingdom 


Profilate HT (dry) 
Factorate HT 


Hemofil T 


NHS, factor IX (9A) 


Alpha Therapeutic Corp 
. Profiinine HT (wet) 
Kryobulin TIM3 







Osterreichisches institut für 
Haemoderivate, Vienna, 





Austria 
G0 Pear Osterreichisches Institut fiir Kryobulin TIM4 
“80°C fot th Haemoderivate 
in vapor FEIBA VH 
60°C for 72h Osterreichisches Institut fir Kryobulin 
es ciui. in-chioroform Haemoderivate 
B < Heated in solution at 60°C for Behringwerke, Marburg, West Humate P 
“40 -howith sucrose and Germany 
z glycine 
oo mers Cutter Biological Koate HS 
Treated with a solvent- 


detergent mixture 
“Tride-buty)) phosphate and 
“sodium: cholate 


-Tri(a-butyljphosphate and 
Tween 80 


Treated with. ota. -propiolactone 
and ultraviolet Jight 


Mtemani anaana aane neh themida EA r a n I 


TT purified 
= Dry-heated'! at 60°C for 

























New York (NY) Blood Center 


American Red Cross, AHF-SD 
Washington, DC 
Cutter Biological Koate HP 


Aipha Therapeutic Corp Profilate SD 


Biotest, Frankfurt, West PPSB 
Germany 


Armour Pharmaceutical Co Monoclate 





Hyland Division, Baxter Hemofii M 


Healthcare Corp 


American Red Cross AHF-M 


epidemiologic studies clearly showed a 
strong association of HIV seroconver- 
sion with the receipt of at least one of 
three lots of the product treated at 60°C 
for 30 hours; these three lots were all 
made from a common plasma pool. On 
the basis of these reports, the manufac- 
turer voluntarily withdrew this prod- 
i ~~ uct: The product inactivated at 60°C for 
24 hours was independently discontin- 
7 ued. No additional product or process 
ee could be. clearly implicated by analysis 
a the remaining seroconversion cases 


O TE 


involving heat-inactivated products. 


Product acacia) 


Proplex T, Autoplex T 
Koate HT, Konyne HT 


NHS, factor Vill (8Y) 


Profilate HT (wet), Profilate HP 


Coagulation factor VIHSD 





a safety of these products include th 
However, other “dry-heated” products _ 
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Discontinued 





Discontinued 







Discontinued 






ee krater 


Factor IX complex, anti-inhibitor. 
complex 


Factor IX X complex: 









Not approved by FDA 


Not approved by FDA 














SHH Feith retrererr ANA RAUL ed NE imran 


Factor IX compex 
Not approved by FDA 







Factor IX compiex, not 
approved by FDA 
Anti-inhibitor complex 

Discontinued 























cary EN 


have been voluntarily discontinued þe- 
cause of reported transmission of- 
NANBHV (see below). = 


Treatment With Chemical Agents — 


Because of their greater chemical sta- 
bility compared with factor VIII, it has — 
been possible to develop prothrombin - 
complex concentrate products by non- - 
specific alkylation with beta-propiolac- 
tone in combination with exposure to 
ultraviolet light.” Concerns of the Food 
and- Drug Administration about th 


known carcinogenicity of beta-propio- 






Table 2. —Estimated Viral Clearance and Results ot Ciinical Trials for Viralty inactivated Clotting Factor Concentrates” 


Virus Transmissions in Clinical Trials 







































































Estimated Vira’ Clearance, tog,ot No. of Subjects 
F Method of inactivation Manufacturer HBV __NANBHV HIV HBV __NANBHV HIV 
{O “Dry-heated” lyophiiizate 
60°C for 30h Armour Pharmaceutical Co, Blue <3.5 3.8 0/2 2/2 7 proved cases'' 
: Ba Pe o o a ee eee ere eee a ne 
60°C for 724 Hyland Division, Baxter Healthcare <2.5 2-4 0/12 11/13 0/13 
Corp, Glendale, Calif ee eee SRR Te ere ee Rane ee ee 
68°C for 72h ___ Cutter Biological, Berkeley, Calf a hs ZIA zee CG 
80°C for 72 4 Plasma Fractionation Laboratory, 0/16 0/16 
Pd cL nL ee a ee eee Ne ea ena Ne Ne ances en meee 
Lyophilizate heated in a 
modified state . 
60°C for 20 k in heptane Alpha Therapeutic Corp, Los >2.7 27-4 3.2-3.5 0/18 8/37 0/37 
LENE Ps Angeles, Calf a EE ESEI EO A 
60°C for 19 b in vapor Osterreichisches institut für >6.0§ 4/14 0/24 0/28 
Haemoderivate, Vienna, Austria eae aan 
60°C for 72 $ in chioroform Osterreicnisches institut = 6.0 0/3 3/3 
ao fli Haemodervate CO e 
' Heated in solution at 60°C Behringwerke, Marburg, “West 45 >5.5 > §.5 0/10] 0/26 0/26 
for 10 h - I iL.) ee a ee Ee ee ee Teme E P eR A OOH ROT TT 
Treated with a scivant- 
detergent mixture 
Tri{a-butylohesphate and New York (N'Y) Blood Center ™4.0 =4.0 245 O/17 0/18 
sodium cholate gona reas r aAA ANAA a r A a E aa niga Scien PEE OE AEAN EDORA PARERI NEE ES E OEE ATARA f PENSAR, 
Tri(n-butyDohosphate New York Blood Center ~5.0 > 3.6 0/134 
and Tween 30 Pa ca tache De Sec te Matera Soe laa, eT PR Aer ese cst nat ne neat ns 
Treated with beta- -gropioiactene Biotest, Frankfurt, West Germany 7.0 >45 =6.0 075 0/5 
„and ultraviolet ight E AAS e a; PENA A ee neta ce 
immunoaffinity purited 
“Dry-heated”™ at 60°C Armour Pharmaceutical Co 0/25 0/25 
Oe a Ne, ee 
Treated with Hyland Devision, Baxter Healthcare OF 14 0/14 


tri(n-butyDohosphate and 
Triton X- 100 


* HBV indicates hepatitis B virus; NANBHV, non-A, non-B hepatitis virus; and HIV, human immunodeficiency virus. 
tThese data were reported by Horowitz” based on a review of the literature by Prince et al.” 
+These data were compiled from several sources. including Mannucci and Colombo," Pierce et al and Horowitz." Each source is a referenced literature review, 
Simmuno US has also reported inactivation of HIV of 6.3 log or greater in an activated prothrombin complex concentrate, FEIBA, which is treated in vere at BO°C 
. for 10 hours plus 80°C. for t hour. 
Two cases of transmission of HBV by this product have been reported.” 
“SGonzaga et af” reproted no cases of hepatitis ir 13 patients with hemophilia B who received factor IX concentrate that was treated to inactivate viruses. 


Corp 


=- lactone and the problem of controlling 
_the development of neoantigens, which 
could sensitize the recipients. More re- 
- cently, investigators at the New York 
(NY) Blood Center have developed in- 
activation procedures using the organic 
solvent tri(#-butyl)phosphate in combi- 
nation with the detergents sodium cho- 
e, Tween 80 „and Triton X-100.°"" 
nis procedure removes the lipid enve- 
peat viruses that o such a coat. 





















antibody.” Material purified in ¿ihis way 
can achieve near homogeneity. with a 
clotting factor activity as high as 4500 
TU per milligram of protein (before dilu- 
tion with albumin), compared with an 
average activity of 1 TU per milligram of 
protein for other concentrates. A corre- 
sponding reduction in the virus burden 
of 3 to 4 log, infectious units of various 
agents occurs. Because viral c.earance 
by the column process is incemplete, 
manufacturers additionally treat the 


product by either heating at 60°C for 30 
hours in the lyoy hilized state or prior — 
treatment. witi a r Ee 


rates show im- 


-T-lymphocyte 
o be indicative 
nd/or chronic 


ivi number of CDe 


es, particularly | 


suppression.” It is net known to what 

extent these abnormalities are due to | 
undiagnosed viral diseases. It has been 
proposed that highly purified clotting 
factor concentrates are less likely to ~ 
cause chronic immunostimulation. This 

might be beneficial, especially to pa- 

tients with HIV infection, because of 

the hypothesized association of HIV ex- > 
pression in vivo with immune stimula- 
tion and acute infection.” Although 
some studies suggest. resolution of an- 
ergy and a decreased rate of decline | 
T: lymphoe ; 

























€ ple because they are less likely 


ransmit undiscovered infectious 
eah a to produce as yet 


bl 3 è data on Gal inactiva- 

al safety of inactivated 

y factor concentrates are summa- 

n Table 3, based on recent re- 
views of the literature." 

-Among HIV, HBV, NANBHV, and 

delta agent, only HIV infectivity can be 

| e culture. Therefore, the 

: manufacturing pro- 

‘HBV and NANBHV 

m clotting factor concen- 

assessed in chimpanzees 

king in-process materials with 

| known titers of these agents and then 


challenging the animals with the resul- 
~~ tant products. Human immunodeficien- 
- cy virus inactivation has been studied in 
tissue culture systems by the use of 
similar spiking experiments. No quanti- 

tative studies of the inactivation of 


= hepatitis delta agent have been carried 


ce out. Generally, these assessments are 
limited by the achievable concentration 


of the virus inoculum and by the sensi- 


ae tivity ofthe. assay method. Also, it is not 


, -known how to relate the infectious dose 


~~ in chimpanzees or in tissue cultures to 


that in man. Nevertheless, these data 
serve to establish lower boundaries for 


-the effectiveness of viral inactivation by 


the ‘process in question. Comparisons 
, | pense must be made with 


er that g differ- 
cturing, the i in avivo: re- 


able for 


activated by these 


ce is the ultimate 


tions: (1) small size due to the limited 
number of subjects free of hepatitis and 
HIV; (2) lack of standardization of the 
study populations, such as inconsistent 
exclusion of patients with previous 
product exposures or variations in use 
of HBV vaccination; (3) inconsistency in 
the criteria for detection and diagnosis 
of non-A, non-B hepatitis; and (4) inade- 
quate assessment of lot-to-lot varia- 
tions. Their small size alone implies that 
they cannot prove safety to a high de- 
gree of significance. Concern over the 
lack of a standard and scientifically ra- 
tional approach to clinical evaluation of 
hepatitis from clotting factor concen- 
trates led to a recommendation for uni- 
form criteria by the International Com- 
mittee on Thrombosis and Hemostasis 
in 1984,” With the benefit of these crite- 
ria and despite the many other limita- 
tions, estimates for rates of transmis- 
sion of NANBHYV are useful in 
distinguishing among the current prod- 
ucts and clearly establish an improve- 
ment over previous concentrates. In 
particular, transmission of NANBHV 
has been shown for products heated in 
the lyophilized state under all except 
the most severe conditions or with sus- 
pension in heptane.” By contrast, pas- 
teurization, hot vapor treatment, ex- 
treme dry heating, solvent-detergent 
treatment, and affinity purification in 
combination with other procedures 
seem to have reduced the infectivity of 
NANBHV. “== While the absence of 
transmission of HIV in such small trials 
is of limited predictive value, it does 
confirm a dramatic improvement since 
1984. International surveillance efforts 
by the Centers for Disease Control of 
nearly 1500 patients who were serone- 
gative in November 1985 suggested 


‘that the risk of HIV infection since 1985 


may be less than 1 per 1000 patient- 
years of therapy.” Safety for HBV is 
also difficult to evaluate from the re- 
ported studies, but, again, transmission 
is clearly reduced compared with the 


previous generation of products. Vacci- 
nation against HBV remains appropri- 


ate to assure protection. 


_ ALTERNATIVES 
TO PLASMA-DERIVED CLOTTING 
_ FACTORS 


Se "al alternatives eat to the use 


of clotting mer concentrates derived 


from human plasma. For many patient 
with mild or moderate hemophilia o 
von Willebrands disease, some bleed 
ing episodes can be controlled by th 
infusion of desmopressin, a synthetic 
analogue of vasopression that produce: 
transient elevations of factor VITI an 
von Willebrand factor.” Also, a porein 
factor VIII (Porton Precucts, Los An 
geles, Calif) is commercially available 
but only for treating patients with inhib 
itors. The goal of a safe and pure recom- 
binant clotting factor was brought 
closer by the recent report of success- — 
ful therapy without toxicity for two. 
patients with classie hemophilia who. 
were given a product derived from cul-. 
tures of Chinese hamster ovary cells 
transfected with DNA containing the 
coding region for human factor VHE“. 
Preliminary results of expanded clinical _ 


trials support the impression that re- 9 


combinant factor VIH is both safe and . 
effective.“ oe 


CONCLUSION 


The introduction of virus-inactivating \ 
procedures into manufacturing has 
remarkably improved the safety of 
commercially prepared clotting factor 
concentrates since 1985. Human immu- 
nodeficiency virus transmission has vip-- 
tually ceased, and some processes now 
exist that appear capable of inactivating. 
NANBHV and HBV as well. Only long- 
term surveillance of large numbers of 
persons who have exelusively received- 
products treated to mactivate viruses 
will reveal the level of infectious risk of 
these products. However, the available 
data suggest that few if any HIV infec- 
tions are likely to occur. Residual risk of 
hepatitis B should still be controlled 
with vaccination, if only because pa- 
tients with bleeding disorders remain at 
risk from other blooc products. Prod- 
ucts made by processes that do not inac- 
tivate NANBHYV can and should be re- 
placed in the marketplace, even though. 
it is possible that transmission 0 
NANBHV may be reduced by donor 
screening for a specifie agent in the near. 
future. The additional medical value o 
products with a high degree of protei 
purity remains to be established. = 

These amazing strides have been ac-. 
complished at a price. The end user cos 
of clotting factor a has rise 
an eee of sixfold in 2 years, from 
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approximately $10000 to 360000 per 
year. * This is due to the combined ef- 
fects of a reduced supply, resulting from 
manufacturing products at less yield 
due to the addition of procedures for 
inactivation of viruses, and the added 
manufacturing costs of the new meth- 
ods. Also, costs have been driven by a 
reduced demand for albumin, causing 
factor VIII to become the main product 
supporting plasma fractionation. Be- 
cause of these dramatically increased 
costs, patients have been less able to 
afford both factor therapy and compre- 
hensive care. In addition, a serious 
shortage of clotting factor concentrates 
was experienced in 1988, when many 
manufacturers shifted production away 
from dry-heated products. Hopefully, 
competition in the marketplace along 
with cooperative efforts by govern- 
ment, industry, health care providers, 
and third party payers will overcome 
the crises of suppiy and cost so that the 
full benefits of safer clotting factor con- 
centrates will be shared by all patients. 
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CLINICAL PATHOLOGIST — Expanding depart- 
ment now seeking an academically oriented BE/BC 
pathologist with interest in microbiology and 
molecular biological techniques to help run hospital 
laboratory, teach medical students, residents, and 
medical technologists, and conduct research. 
Attractive research space and start-up funds. This 
will be a tenure-tract position with salary commen- 
surate with experience and credentials. Send CV to: 
Wiliam A. Rock, Jr. MD, Director, Division of Lab 
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Mississippi Medical Center, 2500 North State Street, 
Jackson. MS 39216-4505. Equal opportunity em- 
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4400 West 95th Street. Oak Lawn, IL 60453-2609: 
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How 1o set ce 
Experienced Pathologist 
When You’re Short Staffed. 


If you're facing a staff shortage during vacation, CME leave, 
recruiting or any type of physician absence, CompHealth can provide 
you with the most competent, reliable coverage available. 

Each board-certified CompHealth pathologist is carefully 
ensure that you'll have a highly qualified, experienced physician, with 
the clinical and anatomic skills that are vital to the smooth operations 


of your lab. 
Our dedicated pathologists 
week to One year or more. 


For more information on the advantages of using CompHealth’s 
staffing services, call Jennifer Wells at 1-800-354-4050 (in GA. 
404-391-9876). And find out why hospitals, 
across the country rely on CompHealth more than any other locum 


tenens group. 
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If you're looking for some good reading, 
you ve just found it. The free Consumer 
Information Catalog. 









Consumer Information Catalog A 


The Catalog lists about 200 federal 
publications, many of them free. They can 
help you eat right, manage your money, stay 
healthy, plan your child’s education, learn 
about federal benefits and more. 


g So sharpen your pencil. Write for the free | 
- Consumer Information Catalog. And get 
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MASTER THE 
ACCREDITATION 
REVIEW PROCESS 





Learn what you need to know to be 
well-prepared for your ACGME 
accreditation review. 


Join us for the 1990 ACGME Workshop for: 
@ Directors of Medical Education 
@ Hospital Administrators responsible for GME 
@ Residency Program Directors 
W Medical School Deans 


During the workshop you'll gain an understanding 
of all aspects of the ACGME review process, 
explained by the people who administer it. And 
you'll leave with practical information you can 
apply directly in preparing for your review. 


The American Medical Association designates this 
continuing Medical Education activity for 6 credit 
hours in Category 1 of the Physician's Recognition 
Award of the AMA. 


Plan now to attend! Attendance will be limited to 
175 participants. For registration information 
contact the American Medical Association 

at 1-800-621-8335. 








March 16, 1990 
‘arate SWISS Grand Hotel 
eM SA Chicago, IL 
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IgG SUBCLASSES IN HIV POSITIVE 
PATIENTS MONITORED BY EIA 


In a recent study (unpublished), the 
serum IgG subclass levels of HIV positive 
patients were monitored throughout the 
Clinical evolution of the disease using a 
highly sensitive EIA Kit from The Binding 
Site. The results give evidence of an 
immunoglobulin pattern peculiar to HIV 
infections. The kit (suitable for in vitro 
diagnostic use) contains microwell strips 
precoated with monoclonal antibodies 
specific to the relevant subclass, together 
with all necessary reagents, calibrators 
and controls. A full copy of the study 
report is available from The Binding Site 
with details on EIA, RID, Turbidimetric 
and Nephelometric kits for IgG subclass 
quantitation. B-2 Microglobulin kits also 
available. 


THE BINDING SITE INC. 
5889 OBERLIN DRIVE #101 
SAN DIEGO, CA 92121 1-800-633-4484 


THE EAGLE. 
AN ENDANGERED SPECIES? 


The Eagle, symbol of 
strength, honor, and character, 
personifies the vigor of oy A ee 
America. ToS EA 

The Eagle Badge, symbol ofp av" 5> 
strength, honor, and character, 
represents the highest level of ` 
achievement in the Boy Scout 
movement. 4 

Don't let the best of Amepiga 
become an endangered speg des. 












BECOME A MEMBER OF THE NATIONAL BOY SCOUT 
ALUMNI FAMILY. — JOIN TODAY! 
Your one-year, $10 membership entitles you to the 
Alumni Bulletin. the Annual Report, a membership 
card and an attractive wall certificate suitable for 


framing. 

A three-year, $30 membership entitles you to a free 
Norman Rockwell print, as well as all of the benefits of A 
a one-year membership. tala\«? 

Write today ta w 
National Boy Scout Alumni Family i 
1325 —— Hill Lane * Irving, ar 75062 - 1296 








PREVENTION 90 


April 19-22, 1990 
The Westin Peachtree Plaza 
Atlanta, Georgia 







ASSURING THE 
PUBLIC'S HEALTH 











L omia the challenges and 
prospects for “Assuring the 
Public's Health” at the Seventh 
Annual National Preventive 
Medicine Meeting in Atlanta, 
Georgia. More than 200 experts 
will lead educational sessions 
on such topics as the future of 
public health, drug testing, 
educating and training public 
health professionals, worksite 
health screening, passive 
smoking, STD’s in men, care for 
the poor and uninsured, health 
problems in urban settings, 
environmental risks, and many 
more relevant issues. 

Attend computer 
demonstrations plus workshops 
on sexual history-taking, 
electronic networking through 
BITNET, putting prevention into 
practice, and communicating 
with legislators. 

Take part in this exciting 
program. Earn over 25 CME 
credit hours. Contact the 
Meeting Manager at (202) 789- 
2928 for PREVENTION 90 
registration information. 
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simply the Best 


or your money back 


Once you've tried the DDI Fluoroslide™ Independent clinical studies have shown 


Test Kit for Pneumocystis carinii, you'll know that our Fluoroslide™ PCP test is unsurpassed 
instantly why it should be your first choice. for accuracy. Now we invite you to put our test 


to the test that really counts. Your test. 

If after using the DDI 
Fluoroslide™ test kit you are not 
completely convinced that it is 

simply the best, call our toll 
free number and we will 


That's why we're making you this 
money back offer--because the DDI 
PCP test is simply the best. 

Simple to use, simple to read 
and simply superior due to 
Fluoroslide's™ application of 







monoclonal antibody technology. promptly refund your full 
Here's why you'll prefer the purchase price. 
DDI test kit: Call us today to order 


your first 25-test kit. Each kit 

is complete and ready to use, 

stable for one year at 2-8°C, and 
includes: 


100% accurate results on 
samples from bronchial washes, 
lung imprints, lung biopsies and 
sputa. 

Results available in only 40 minutes. * Primary monoclonal antibody reagent 

è Fluorescent antibody reagent with counterstain 
e Concentrated wash reagent 

e Mounting medium with anti-bleaching agent 

¢ 5x5 Teflon-coated slides 

e Complete instructions 


Brilliant apple-green fluorescence for easy 
identification of positives. 










Inexpensive and easy-to-use with all 
liquid reagents. 


Specially formulated fluorescent 
antibody reagent contains 
counterstain to enhance 
contrast and reduce background 
for easier diagnosis. 


Discover for yourself why the DDI 
Fluoroslide™ test kit for Pneumocystis 
carinii is simply the best, or your 
money back. Isn't this simply the 
best offer you've had today? 


Call toll-free (800) 222-7892 
to order your Fluoroslide™ PCP 25 Test Kit 
Catalog No. 3190....$175.00 


EJO 
DISEASE DETECTION INTERNATIONAL, INC. 
17935 SKY PARK CIRCLE, SUITE D, IRVINE, CA 92714, (714) 261-7267 
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Committed to Diagnostic Medicine 





Abbott introduces QHIVAG-1 for the detection of HIV antigen(s) 


. 








~ NOW YOUR LABORATORY CAN 
ASSIST PHYSICIANS IN... 


... Diagnosis 
of HIV infection 


HIV antigen is detectable as early as 
two weeks after infection and typically 
declines at seroconversion. 

Seroconversion—when HIV antibodies 
have risen to detectable levels—usually 
occurs several weeks up to months after 
HIV infection. 

The period between HIV infection 
and seroconversion is often associated 
with an acute illness. Whether or not the 
individual has flu-like symptoms, the 
appearance of circulating HIV antigen 
typcially Occurs before [gG antibodies 
de velop. ' 


infection 


HIV antigen may ap) 


antibody is produce 


(Early detection stage) 


... Prognosis 
of HI Vdisease 


HIV antigen typically disappears fol- 
lowing seroconversion but reappears in 
the latter stages of the disease. The reap- 
pearance of antigen usually indicates 
impending clinical deterioration. An 
asymptomatic HIV-antigen-positive per- 
son is six times more likely to develop 
AIDS within three years than a similar 
indi vidual who is HIV antigem nega- 
tive.’ Thus, testing for the presence of 
HIV antigen assists physicians im moni- 
toring the progression of the disease. 


months 


years 


... Monitoring 
of antiviral therapies 
for clinical research 


Antiviral therapies that fight HIV dis- 
ease can delay the onset of symptoms 
and help prolong life. Since antigen 
levels may reflect the level of viral repli- 
cation, a decline or disappearance of 
HIV antigen may indicate that antiviral 
treatment is effective.*’° This allows 
physicians to monitor the action of 
antiviral drug therapies in research 
protocols. 


(Disease progression stage) 


war as early as two weeks postinfection, but declines and disappears when HIV 
at seroconversion. HIV antigen then reappears in the latter stages of disease. 


Ə HIVAG-1, for in vitro diagnostic use, is one of the many Abbott E] A-compatible assays 
that offer sensitive, specific, and reproducible results. For more information, please write 
to ABBOTT HIV INFORMATION CENTER, Abbott Diagnostics, D-49B/AP&LM, a Divi- 
sion of Abbott Laboratories, Abbott Park, Illinois 60064. 


O)HIVAG-1 


Part of Abbott's broadening line of AIDS diagnostics 


for HIV and the development of AIDS or AIDS related condition: three year follow up 
Spear J, et al: Diagnosis of human immunodeficiency virus of the San Francisco General Hospital cohort. Br Med | 1988;296:745-750. 4. Chaisson 
rral syndrome RE, Leuther MD, Allain J-P et al: Effect of zidovudine on serum human immuno- 
deficiency vimus core antigen levels. Arch Intern Med 1988; 148:2151-2153. 5. Yarchoan 
R, Mitsuya H. Thomas RV et al: In vivo activity against HIV and favorable toxicity 
profile of 2',3--Dideoxynosine. Science 1989; 245-412-415 
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Biclonal Composite Lymphoma 


To the Editor.—We raad with interest 
the article by Duque, Everett, and 
Iturraspe’ on the fiow cytometric anal- 
ysis of a biclona! composite lymphoma. 
Recently, we were able toexhaustively 
study a supraclavicular lymph node 
from an 85-year-old man, with results 
that support the observations of these 
authors, using immunologic, histo- 
logic, and genetic techniques. We de- 
tected two distinct cell populations by 
flow cytometry in a cell suspension of 
the lymph node using simultaneous 
forward-angle light scatter and side 
scatter. Utilizing selective gating tech- 
niques, we defined a population of 
large cells with expression of surface 
membrane immunoglobulin M-kappa 
(Sm IgM-kappa) while the majority of 
the cells (approximately 80%) were 
small and expressed Sm IgG-lambda. 
Immunostaining of tissue frozen sec- 
tions confirmed these results, directly 
correlating larger and smaller cell 
types morphologically with the immu- 
noglobulin profiles detected by flow 
cytometry. 

The diagnosis of composite lym- 
phoma as defined by Custer? and mod- 
ified by Rappaport et al’ and Kim et al’ 
has traditionally recuired a clearly 
demonstrable delineation between two 
morphologically different lymphomas. 
However, unlike previously reported 
cases of immunclogieally proven bi- 
clonal B-cell composite lymphomas,*’ 
histologic examination of the lymph 
node in our case revealed a complex 
intermingling of the two distinct cel- 
lular populations—one characteristic 
of small lymphoeytic lymphoma and 
the other of large-cell lymphoma. 
DNA analysis of the neoplasm was 
-. performed by Southern blot method 
> using a probe to the joining region of 
immunoglobulin heavy chain gene 
(JH). Three discrete nongermline 
bands were identifiec, and although 
not independently conclusive, this pat- 
` tern was considered to be compatible 
-with the biclonal nature of this lym- 
- phoma. 
© We agree with the conclusion of the 
~ authors that the use of immunopheno- 
“typie, genotypic, and cell cycle charac- 
- teristics allow for more objective char- 
acterization of complex processes such 
. as these. Furthermore, we suggest that 
the concept of composite lymphomas 
‘should be expanded to include neo- 


. plasms such as the ona we describe in 


< which the cellular populations are his- 


tologially intermixed, but can be 
shown to be of separate clonal origin 
by immunologic or genetic techniques. 
LAURA E. SULAK, MD 
FIONA E. Craig, MD 
MILKA M. MONTIEL, MD 
PETER M. Bangs, MD 
Department of Pathology 
University of Texas Health 
Science Center at San Antonio 
7703 Floyd Curl Dr 
San Antonio, TX 78284-7750 
1. Duque RE, Everett ET, Iturraspe J. Biclonal 
composite lymphoma: a multiparameter flow cy- 
tometric analysis. Arch Pathol Lab Med. 1990; 
114:1%6-179. 
2. Custer RP. Pitfalls in the diagnosis of lym- 
phoma and leukemia from the pathologist’s point 
of view. Proc Second Natl Cancer Conf. 1954;1:554- 


gr m pr 


557. 
3. Rappaport H, Winter WJ, Hicks EB. Follie- 
ular lymphoma: a re-evaluation of its position in 
the scheme of malignant lymphoma based on a 
survey of 253 cases. Cancer, 1956;9:792-821. 

4. Kim H, Hendrickson MR, Dorfman RF. Com- 
posite lymphoma. Cancer. 1977;40:959-376, 

5. Wolfe JA, Borowitz MJ. Compesite lympho- 
ma: a unique case with two immunologically dis- 
tinct B-cell neoplasms. Am J Chan Pathol. 1984; 
$1:526-529, 

6. Almanaseer IY, Kosova L, Pellettiere EV. 
Composite lymphoma with immunoblastic fea- 
tures and Langerhans’ cell granulomatesis (histi- 
oeytosis X). Am J Clin Pathol, 1986;85:111-114. 

7. de Jong D, Voetdijk BM, Beverstock GC, van 
Ommen GJ, Willemze R, Kluin PM. Activation of 
the c-myc oncogene in a precursor-B-cell blast 
crisis of follicular lymphoma, presenting as com- 
posite lymphoma. N Engi J Med. 198®:318:1373- 
1378. 


In Reply.—We agree with Dr Sulak 
and her colleagues that complex lym- 
phomatous processes are not always 
amenable to morphologic assessment. 
We would like to add that in the case 
we described! there was also complex 
intermingling of the two processes in 
addition to areas of “collision.” We 
recommend performing not only im- 
munophenotypic analysis in lym- 
phoma but DNA ploidy and cell cycle 
analysis on a routine basis. These tech- 
niques can be performed simulta- 
neously and provide additional! infor- 
mation. 
RicaRDO E. Duguz, MD 
Norwood Clinic 
Birmingham, AL 
Eric T. Everett, MT(ASCP) 
Medical University of South Carolina 
Charleston, SC 
JOSE ITURRASPE, MT(ASMT) 
University of Florida 
Gainesville, FL 

i. Duque RE, Everett ET, Iturraspe J. Biclonal 
composite lymphoma: a multiparameter flow ey- 


tometric analysis. Arch Pathol Lab Med. 1990; 
114:176-179. 
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Revisiting the Autopsy 


To the Editor—The editorial by 
Henson! is a timely one. The case made 
for revisiting the autopsy is a compel- - 
ling one, and the necessity of empha- | 
sizing and reinstating the “scientific © 
approach” is presented with refresh- 
ing wisdom. There is no doubt that au- 
topsies will continue to play a critical 
role in the practice of medicine; how- 
ever, it needs to be tailored to the needs 
of modern medicine if we are to retain 
the clinician’s interest. 

We should strive to make autopsies 
more “problem-oriented.” Perhaps, 
more than anything else, our ability to 
expeditiously find solutions to unre- 
solved clinical puzzles would earn the 
appreciation of our clinical colleagues. 
Performing “limited” autopsies may 
be another way to generate interest in 
autopsies, eg, the autopsy may be lim- 
ited to the brain in a case of an astro- 
cytoma. This approach may also kindle 
a greater willingness among the be- 
reaved to authorize autopsies. Another 
approach, in selected cases, would be to 
get postmortem needle biopsy speci- 
mens of various organs. Even postmor- 
tem fine-needle aspiration may be 
tried in certain instances. These “al- 
ternative’ approaches to autopsies 
may be popular among pathologists 
who no longer want to perform autop- 
sies, and may be ideas for which the 
time has come. Perhaps “problem-ori- 
ented” autopsies would make revisit- 
ing the morgue a much more frequent 
and worthwhile exercise for clinicians 
and pathologists alike. 

SYED A. Hopa, MD 

Department of Pathology 

Tulane University School 
of Medicine 

1430 Tulane Ave 

New Orleans, LA 70112 


1. Henson DE. Revisiting the autopsy. Arch 
Pathol Lab Med. 1990;114:127-128. 


An Erroneous Identification of the 
Pathergic Granuloma 


To the Fditor.—Shintaku et al' in the 


November 1989 issue of the ARCHIVES 


have described sarcoidlike granulomas 


with systemic angiitis. A careful seru- __ 
tiny of Fig 1 discloses a pathergic.. 
granuloma** with central pathergic — 


necrosis and an eccentric palisading 

characteristic of pathergic (Wege- 
ner’s) granulomatosis. The diffuse 
granulomatous tissue, with scattered 


Letters to the Editor — 








ment of lymph Rae while . hot Ae 
quent in this type of granulomatosis, 
has been described previously The 
pulmonary hemorrhage was due to a 
capillaritis, a feature that again, while 
not frequent, is characteristic of 
pathergic (Wegener’s) granulomato- 
sis, particularly when associated with 


oe pathergic granulomas.° The crescentic 
- glomerulonephritis further supports 


this diagnosis. Clinically, the case fits 
© nicely into the category of pathergic 
_ granulomatosis. No biopsy specimen 
was available, but in the light of the 
interpretation of Shintaku et al, even 
with a biopsy specimen the failure to 
distinguish between a palisading ne- 
crotizing pathergic granuloma and the 
compact. circumscribed nonpalisading 
sarcoid granuloma would have pre- 
-. @luded the correct treatment with a 
- cytotoxic drug such as cyclophospha- 
mide, which might have been life sav- 
ing. At present, of course, the diagno- 
sis would have been facilitated by the 
use of the antineutrophil cytoplasmic 
antigen (ANCA) test. 
ROBERT FIENBERG, MD 
Department of Pathology 
Massachusetts General Hospital 
Boston, MA 02114 
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In Reply.—We thank Dr Fienberg for 
his comments regarding our recent 


article. We, however, cannot agree 


with his opinion. The basic pathologic 
feature of our case is “epithelioid cell” 
granulomatosis, which involves pre- 
dominantly intrathoracie lymph 
nodes, lungs, aorta, and kidneys. Gran- 
ulomatous inflammatory findings with 
fibrinoid necrosis such as Wegener’s 
granulomatosis were not seen in sys- 
temic blood vessels. In addition, pali- 
sading arrangements of histiocytes 
surrounding necrotic foci were not ob- 
served in our case; epithelioid cells 
shown in Fig 1 of our article appar- 
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ently do not form characteristic pali- 


sading borders. 

As discussed in our article, we, of 
course, considered the diagnostic pos- 
sibility of Wegener’s granulomatosis 
in this case. However, the remarkable 
hilar lymphadenopathy due to typical 
epithelioid cell granulomas, the ab- 
sence of necrotizing or ulcerating le- 
sions in the respiratory tract, and the 
lack of fibrinoid necrosis in the arterial 
lesions are hardly consistent with 
findings of pathergic (Wegener's) 
granulomatosis. 

We consider that allergic diathesis 
or hypersensitivity reaction has prob- 
ably played an important role in rapid 
progression of the patient’s clinical 
course, and we think that some exuda- 
tive changes observed in the wall of 
small- to medium-sized vessels are a 
reflection of this condition. However, 
clinicopathologic features of this pa- 
tient are, as a whole, quite different 
from those of Wegener’s granuloma- 
tosis. 

The pulmonary hemorrhage might 
have been caused by “pulmonary cap- 
illaritis,” as Fienberg suggested, but 
we do not think that this justifies the 
diagnosis of Wegener’s granulomato- 
sis. 

After this article was submitted to 
the ARCHIVES, an article dealing witha 
similar case appeared in another jour- 
nal, in which the clinicopathologic fea- 
tures were highly similar to our case,’ 
though not associated with glomerulo- 
nephritis and pulmonary hemorrhage. 
The etiopathogenesis of such an ex- 
tremely rare combination of sarcoid- 
like granuloma and systemic angiitis 
will be elucidated with the accumula- 
tion of detailed clinicopathologic re- 
ports of similar cases. 

MASAYUKI SHINTAKU, MD 
SUSUMU IKEHARA, MD 
Department of Pathology 
Kansai Medical University 
Moriguchi 

Osaka 570, Japan 


1. Mareussen N, Lund C. Combined sarcoidosis 
and disseminated visceral giant cell vasculitis. 
Pathol Res Pract. 1989;184:325-330. 


in Situ Hybridization for Detection 
of Cytomegalovirus 


To the Editor.—We read with interest 
the report by Clayton and colleagues,’ 
which correlates in situ hybridization 
(ISH) with histology and viral culture 
for detecting cytomegalovirus (CMV) 
in endoscopic colonic biopsy speci- 
mens. The authors conclude that ISH, 
which usually confirms the diagnosis 
of CMV colitis when inclusions are 
identified, only rarely demonstrates 





atkins when nelgsions are not. 8 
pected by histologic examination. Our 
ISH studies of various autopsy tissues - 
have yielded similar results.’ We now 
briefly describe our experience using 
ISH to detect cytomegalovirus in open 
lung biopsy specimens from 21 bone 
marrow transplant patients with clin- 
ical and culture evidence of CMV in- 
fection. 

In 15 lung biopsy specimens, histo- 
logic examination revealed character- 
istic CMV inclusions, and culture of 14 
of the 15 biopsy specimens confirmed _ 
the diagnosis of CMV pneumonitis. In _ 
situ hybridization, performed with a. 
biotinylated CMV probe (Enzo Bio | 
chem), detected infected cells in 12 of | 
these 15 biopsy specimens; the other 3 
biopsy specimens showed no viral in- 
clusions in the actual sections studied 
by ISH. We conclude that ISH usually 
detects CMV-infected cells in lung bi- 
opsy specimens with identifiable CMV 
inclusions, but sampling error, even in 
wedge biopsy specimens, may cause 
false-negative ISH results. These con- 
clusions are in agreement with previ- 
ous studies of CMV infections of the 
colon! and other organs.’ 

In 6 of the 21 lung biopsy specimens, 
examination of multiple sections 
showed no CMV inclusions. Three of 
these biopsy specimens had positive 
viral cultures, and ISH detected rare 
CMV-infected cells in two of these 
cases. The other three biopsy speci- 
mens without viral inclusions had neg- 
ative cultures and ISH results, al- 
though cultures from other sites indi- 
cated that these patients were infected 
with CMV. We conclude that in situa 
hybridization may occasionally detect 
CMV-infected cells when viral inelu- 
sions are not identified. We therefore 
agree with the suggestion of Clayton 
and colleagues’ that in situ hybridiza- 
tion may be justified in tissues from 
patients who are strongly suspected of 
having a CMV infection, even if rou- 
tine histologic studies are negative. 

JOHN G. STRICKLER, MD 

CEDITH M. COPENHAY ER, MS 

DALE C. SNOVER, MD 

Department of Laboratory Medicine 
and Pathology 

University of Minnesota Hospital 

420 Delaware St SE 

Minneapolis, MN 55455 
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A denomatoid Tumors 


o Adrenal Cysts and Being First 





Gene P. Siegal, MD, PhD 


[pene 1: “I’m first.” 
Daughter 2: “Why?” 
Daughter 1: “ ‘Cause I called it first!” 
. . and so begins another day at our home and probably 
most other homes with children. Being first controls every- 
: thing from. reading the Sunday comics to preferential 
~~ yeceipt of the parental good night “kiss and tuck into bed.” 
Being first means something—it’s better than being sec- 
ond—it’s competition, it’s America! 





~ See also pp 722 and 725. 





Being first certainly controls our lives as scientists. Who 
has not received the admonition, from those in the know, 
that grants, prizes, and awards in science are not given for 
being a runner-up. Readers of “cutting edge” journals such 
as Nature or Science cannot help but notice a trend where 
individuals seemingly geographically separated simulta- 

=> neously publish what appear to be obscure findings; ie, 
~ “Genomic DNA from Albanian green-striped vole viruses 
codes for oncogene sequences with homology to street 
addresses in Deadwood, South Dakota.” This happens for at 
least two major reasons: knowledge does not follow the laws 
_ of Brownian Motion and individuals who work in narrow 
= fields of study communicate with each other. It follows that 
these individuals may reach agreement as to when and 
. where to submit original work concurrently, thereby ob- 
“ taining dual priorities for discoveries (and their subsequent 
. rewards), When working well, this technique is invisible to 
the casual observer but when that twinge of one-upsman- 
ship comes into play, cold fusion in Utah or human immu- 
nodeficiency virus isolation in Bethesda (Md) and Paris 
(France) roars to the forefront. 
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It therefore caught the collective eye(s) of the editors 
when two articles arrived at our editorial offices, on the | 
same day, reporting the “first” observation of a relatively — 
common neoplasm (adenomatoid tumor) in an exceedingly 
uncommon site (the adrenal gland).'* Aseditors wetookthe 
somewhat unusual step of having both articles reviewed to- 
gether. After appropriate revision they were accepted for — 
publication and are found in this issue of the ARCHIVES (see 
pages 722 and 725). Subsequent follow-ap revealed the au- 
thors were unaware of each others’ work and so their 
simultaneous publication appears to be a happy coinci- 
dence. | 

Adenomatoid tumors themselves have enjoyed a long. 
history. Credit for the first description of the lesion asa = 
pathological entity is given to Golden and Ash? A not very | 
rigorous review of the literature will, however, show that 
adenomatoid tumor was well described (in French) andil- 
lustrated several years earlier by Mason and associates. 
More recently, attempts to describe the “true histogenesis” __ 
of adenomatoid tumors have been made by techniques _ 
ranging from light microscopy, through histochemistry and- 
immunohistochemistry, to scanning electron micros- 
copy.*’ These lesions are common enough today to be diag- 
nosable by fine-needle aspiration cytology? and variants. 
have begun to be described.’ ‘3 

Similarly, adrenal cysts and pseudoeysts (hemorrhay i 
cysts) have enjoyed a number of firsts over several ce 
ries. Contemporary articles credit Greiselius in 167 
providing the first description.” “Modern” classifica 
schemes of adrenal cysts have been around for decade: 
though individuals continue to review and rediscov 
them." Adenomatoid tumors are usually solid with varyi 
amounts of cystic formation. It would seem, therefore, rea- 
sonable to include adenomatoid tumors in the differential . 
diagnosis of cystic lesions of the adrenal gland. ae 

A number of years ago we showed, using immunohis 
tochemical techniques, that some pseudocysts are vascul 
in origin” (although we wisely did not claim to be firs 
Others have subsequently confirmed and expanded the ie 
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- observations." It would net be unexpected that immuno- 
-staining adenomatoid tumors with antibodies directed 
- agai nts of the basement membrane might give 
overlapping findings with vascular-derived tumors. Caution 
- should therefore be observed and an appropriate antibody 
panel employed when both entities are in the differential 
diagnosis. 

To come full circle (without for a moment trying to negate 
or destroy that exhilaration one feels when making a truly 
novel observation}, claiming to be “first” for clinicopatho- 
logie discoveries appears to be a bad practice. Experience 
has taught us that the fastest way to generate letters to the 


1. Simpson PR. Adenernateid tumor of the adrenal. Areh Pathol Lab Med. 
1990;414:725-727. 

2. Travis WD, Lack EE, Azumi N, Tsokos M, Norton J. Adenomatoid tu- 
mor of the adrenal gland with ultrastructural and immunohistochemica! 
demonstration of a mesethelia! origin. Arch Patho: Lab Med. 1990;114:722- 
724. 

3. Golden A, Ash JE. Adenomatoid tumors of the genital tract. Am J 
ve 1945;21:63-79. 

4. Masson P, Riopelle JL, Simard LC. Le mésothé iome bénin de la sphère 
génitale. Rev Can Biol, 1942;1:720-751. 

5. Teilum G. Histogenesis and classification of mesonephrie tumors of the 
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adenomatoid tumors (mesotheliomas): a comparative histologic study. Acta 
Pathel Microbiol Scand. 1954:34:431-481. 

6. Suzuki T, Yutaka ¥, Kaku T, Kikuchi K, Mori M. Adenomatoid tumor 
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analysis. Arch Pathol Lab Med. 1985;109:1049-1051. 

T. Morris JA, Oates K, Staff WG. Scanning electron microscopy of 
adenomatoid tumours. Br J Urol 1986-48:183-187, 

8. Pérez-Guillermo M, Thor A, Léwhagen T. Paratesticular adenomatoid 
tumors: the cytologic presentation in fine needle aspiration biopsies. Acta 





editor is to claim priority. Hostile letters gabning “ we re- : : 


ported this finding 27 years ago in a journal published in _ 


Serbo-Croatian or in the New Zealand Journal of Dance 
and Histopathology” are entertaining but not really of much 
value. The authors’ themselves in these articles rightfully 
point out that adenomatoid tumors of the adrenal gland 
have been previously described as such or under alternative 
terms (eg, see reference 15). Before would-be letter writers 
apply pen to paper let me be the first to acknowledge that 
this is not the first time an individual has written about this 
topic, although others have had a somewhat more cynical 
and bilious tongue."* Enough said! 
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CORRECTION 


In the article entitled “Acute Congestive Heart Failure in a 55-Year-Old Man” 


published in the May 1990 issue of the ARCHIVES (1990;114:526-527), a subtitle 
should have been added to read as follows: “Rheumatic Carditis Diagnosed by 


Endomyocardial Biopsy.” 
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Neuropathology of the Acquired 








-Umberto De Girolami, MD; Thomas W. Smith, MD; 
Dominique Hénin, MD; Jean-Jacques Hauw, MD 


è This review attempts to assess critically the literature 
on the neuropathology of acquired immunodeficiency 
_. syndrome in light of our experience with 172 patients with 
_. acquired immunodeficiency syndrome who underwent 
extensive postmortem examinations of the central and 
-peripheral nervous systems. The neuropathologic mani- 
festations of the disease can be divided into three catego- 
ries: (1) primary or putative/indirect effects of the human 
-immunodeficiency virus, (2) opportunistic infections, and 
_. (3) neoplasms. We discuss the known etiologic agents 
and postulated pathogenetic mechanisms responsible 
_ for the broad range of neurologic diseases observed in 
patients with acquired immunodeficiency syndrome. 
(Arch Pathol Lab Med. 1990;114:643-655) 


he acquired immunodeficiency syndrome (AIDS) is a 
os systemic viral disease caused by the human immunodefi- 
. dency virus (HIV)—a 100-nm RNA virus of the retrovirus 
-> group.” It has been estimated that up to 50% of patients with 
_ ATDS experience neurologic dysfunction during the course of 
the iliness, and postmortem evidence of nervous system dis- 
= ease may be discovered in as many as 80%.*“ In some patients, 
= neurologic manifestations predominate.” 

-  Neuropathologic abnormalities in patients with AIDS can 
; be divided into three broad groups, with considerable overlap 
‘between them in given cases: (1) HIV encephalitis and related 
diseases, (2) opportunistic infections, and (3) neoplasia.”” 
Furthermore, several distinctive pathologic entities have 
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been described in patients with AIDS who have clinical mani- | 


festations referable to the spinal cord, ^” peripheral nerve, or 


skeletal muscle.”* The range of histopathologic abnormali- 


ties of the central and peripheral nervous systems of children S 
a : 


with the disease varies from what is observed in adults,” 


Lastly, it is now becoming clear that different etiologicagents a 


and pathogenetic mechanisms underlie the different clinical- 
and pathologic pictures. ”” 

This review is based on the study of cases reported in the 
literature and on our own detailed neuropathologic autopsy - 
study of 172 cases at the New England Deaconess Hospital, - 
Boston, Mass, the University of Massachusetts, Worcester, 
and the Hôpital de La Salpêtrière, Paris, France. The neuro o > 
pathologic aspects of AIDS will be discussed in turn by using 
the following classification: Sse 


Primary or putative/indirect effect of HIV 
HIV encephalitis" 
HIV leukoencephalopathy”” 
Vacuolar myelopathy” ~ 
Neurop athy™ rte 
Myopathy A 
Vascular disease” ” 
AIDS-dementia complex’ 
Pediatric disease” 
Opportunistic infections 
Parasites: toxoplasmosis 
Fungi, mycobacteria, and spirochetes 
Aspergillus, Candida, and Cryptococcus” 
Mycobacterium avium-intracellulare®™ 
Treponema pallidum” 
Viral infection 
oytomegalovirus (CMV 
Herpes simplex”’” 
Herpes zoster” 
Polyomavirus (progressive multifocal 
leukoencephalopathy [PMLJ 
Neoplasms 
Lymphoma 
Kaposi's sarcoma” 
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PRIMARY OR PUTATIVE EFFECT OF HIV 
ON THE NERVOUS SYSTEM 
HIV Encephalitis 


Macroscopic examination of the brain is usually not remark- 
able. The meninges are clear. There may be some ventricular 
dilatation and widening of the sylvian fissures and adjacent 
cortical sulci. Microscopically, the inflammatory reaction is 
characterized by diffuse infiltration of the brain with microg- 
lial nodules. Microglial nodules consist of aggregates of mi- 
croglial cells/macrophages associated with foci of tissue ne- 
crosis and pallor of myelin staining (Fig 1). The nodules are 
observed in the vicinity of small blood vessels and occur 
concomitant with intraparenchymal pigment-laden macro- 
phages. In the affected areas, the nuclei of capillary and 
venular endothelial cells may be numerous, large, and mis- 
shappen. They are not associated with extensive necrosis of 
brain parenchyma, and they are ordinarily not accompanied 
by lymphocytic or plasmacellular infiltrates, either perivas- 
cularly or within the parenchyma. The degree of reactive 
astrocytosis varies with the severity and duration of the 
lesion and can sometimes be extensive. 

Microglia] nodules are found diffusely throughout the cere- 
brum, diencephalon, brain stem, cerebellum, and spinal cord 
in decreasing incidence.” In our experience, they are more 
frequent in the white matter than the gray matter. An impor- 
tant though not invariable component of the microglial nodule 
is the multinucleated cell. These are macrophage-derived 
giant cells that measure 15 to 25 um in diameter as they occur 
in the in situ and tissue culture cytopathic reaction to certain 
viral infections (eg, measles). They differ from foreign body or 
Langhans-type giant cells because of their smaller size, scant 
cytoplasm, and the haphazard arrangement of the nuclei.” 
They can occur admixed with other cells in the microglial 
nodule or in isolated clusters. In an exceptional case, we have 
observed them within the subarachnoid space associated with 
a pronounced fibroblastic response (Fig 2). Some have consid- 
ered their presence to be a hallmark of HIV infection of the 
brain“; others find them infrequently.” 

Meningeal involvement is variable and correlates with ei- 
ther the stage or the severity of the disease. There have been 
relatively few reports that describe the neuropathologic 
changes in the early stages of HIV infection of the central 
nervous system (CNS). An acute encephalopathy has been 
described clinically coincident with seroconversion,” and 
HIV can be recovered from the cerebrospinal fluid of seropo- 
sitive individuals with or without neurologic symptoms.” 
Postmortem examination ef an asymptomatic HIV seroposi- 
tive man who died suddenly in a motor vehicle accident 
showed a mild chronic meningitis without immunocytochemi- 
cal evidence of HIV or CMV in the brain.“ The case reported 
by McArthur et a!” of a patient with early-onset HIV-related 
cognitive dysfunction who died suddenly 4 months after the 
onset of symptoms showed, at postmortem examination, only 
slight pallor and astrocytosis of the cerebral white matter but 
no evidence of meningeal inflammation. In severe encephali- 
tis occurring in the latter stages of the disease, giant cells and 
chronic meningitis may be present. 

Human immunodeficiency virus has been isolated from the 
cerebrospinal fluid and the brain tissue of patients with 
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Fig 1.—Human immunodeficiency virus encephalitis. Section of pons 
shows microglial nodules with multinucleate giant cells (hematoxylin- 
eosin, original magnification x 120). 
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Fig 2.—Human immunodeficiency virus encephalitis. Multinucleate 
giant cells in subarachnoid space (hematoxylin-eosin, original 
magnfication x 120). 


AIDS." The identification of the type of cell infected by 
HIV within the nervous system has been sought by utilizing 
techniques of viral cocultivation,” immunohistoche- 
mistry,” =" in situ hybridization, ””™™ and transmission 
electron microscopy.” The localization of HIV to the mon- 
onucleate and multinucleate macrophages associated with 
microglial nodules in the brain now appears to be well estab- 
lished.” Furthermore, HIV has been shown to have a 
selective tropism to the CD4 protein of helper T cells that it 
uses as a binding site.” Staining with antisera against herpes 
simplex virus (HSV), CMV, and papovavirus antigens has 
yielded negative results within microglial nodules that con- 
tain HIV-positive mononuclear cells.“ Wiley et al” and Ward 
et al” found HIV infection of endothelial cells; however, this 
observation has not been confirmed by others. The specific 
localization of HIV to neurons, astrocytes, and oligodendrog- 
lia is uncertain. 

Several pathogenetic schemes have been advanced to ex- 
plain the neurologic dysfunction seen in patients with HIV 
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encephalitis.“ One postulate suggests that HIV-infected 
monocytes from the circulation are transported across the 
blood-brain barrier into the CNS, where HIV is stimulated to 
replicate within monocytes and macrophages. These infected 
cells could then release monokines or proteolytic enzymes 
that may be toxic to neurons or glia, or possibly endothelial 
cells. Another hypothetic mechanism is that the HIV enve- 
lope glycoprotein may compete with the neurotrophic factor 
neuroleukin for binding to certain neurons, thereby causing a 
shortened survival of affected cells."” Human immunodefi- 
ciency virus may also involve the cerebral microvasculature, 
causing an alteration in vascular permeability.” Dysfunction 
of the blood-brain barrier might result from a direct infection 
of the endothelium by HIV” or possibly as an indirect effect of 
perivascular HIV-infected monocytes on the endothelium. 
The resulting increased vascular permeability could cause an 
accumulation of edema fluid within the extracellular space, as 
well as allow various circulating macromolecules to enter the 
cerebral parenchyma, both of which could functionally alter 
or damage neural or glial cells, axons, or myelin. 





Ps 


Fig 3.—Human immunodeficiency virus leukoencephalopathy. Whole 
mount of cerebrum shows pallor of the central white matter (hematoxy- 
lin-eosin—luxol fast blue). 
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Fig 4.—Human immmunodeficiency virus leukoencephalopathy. Left, Patchy foci of myelin pallor are present in subcortical 


Leukoencephalopathy 


Apart from the attack on oligodendroglial cells by opportu- 
nistic viruses (ie, PML) and the white-matter vacuolar my- 
elopathy discussed below, there is evidence from various 
laboratories" that suggests that HIV might directly attack 
the central myelin. The most remarkable examples of a dif- 
fuse “demyelinating” lesion that involves large portions of the 
cerebral white matter are those recorded in the reports of 
Nielsen et al,” Horoupian et al,” and Kleihues et al” (Fig 3). 
These authors illustrated myelin-stained sections of the brain 
at a low magnification in which the intensity of staining is 
greatly diminished. Microscopically, these sections show a 
diffuse loss of myelin, a relative sparing of axons, and a 
paucity of inflammatory cells. Microglial nodules and/or giant 
cells may be seen within the lesion. There may also be myelin 
breakdown along the long fiber tracts. We have observed less 
severe forms of this process characterized by the focal, often 
angiocentric regions of myelin pallor, sometimes related to 
aggregates of microglial nodules (Fig 4). Transitions between 
the focal and more diffuse white-matter lesions may be pre- 
sent. Some of our cases also showed conspicuous axonal dam- 
age, with axonal spheroids in the centrum semiovale and in 
the long fiber tracts. We found prominent changes of the 
microvasculature in the white matter, including mural thick- 
ening, increased cellularity, and enlargement and pleomor- 
phism of endothelial cells. These vascular abnormalities were 
usually associated with prominent perivascular aggregates of 
HIV-positive monocytes and multinucleated cells, which of- 
ten contained hemosiderin pigment. These observations sug- 
gested to us a role for altered vascular permeability in the 
pathogenesis of HIV-associated leukoencephalopathy, as dis- 
cussed above. Other possible causes for the white-matter 
degeneration include the destruction of myelin and axons by 
soluble substances elaborated by HIV-infected monocytes, 
autoimmune-associated demyelination,” and direct attack of 
HIV on the myelin-forming oligodendrocytes. Some investi- 
gators” have noted alterations in the number and size of 
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oligodendrocytic nuclei within areas of myelin pallor; howev- 
er, the presence of HIV within oligodendroglial cells has not 
been conclusively demonstrated to date. 


Vacuolar Myelopathy 


A distinctive disorder of the spinal cord has been described 
in patients with AIDS who have or do not have associated 
HIV meningoencephalitis.“~ The disorder has been termed 
vacuolar myelopathy. It is characterized by multiple vacuoles 
that measure 10 te 50 um in diameter within the white matter 
of the posterior and lateral columns of the upper thoracic cord 
(Fig 5). The histelogic appearance is indistinguishable from 
that of severe subacute combined degeneration. In our expe- 
rience, the vacuolar change can occasionally be extreme and 
affect the white matter of much of the card. There is often no 
evidence of concomitant gliosis, microglial nodules, giant 
cells, or a chronic inflammatory reaction. Petito and collabo- 
rators~ believed that there was no relationship between this 
vacuolar myelopathy and the myelopathies associated with 
subacute combined degeneration or disorders of vitamin B, 
metabolism. The role of HIV in the pathogenesis of this lesion 
is disputed. Several investigators have demonstrated HIV 
within macrophages localized to the lesions of vacuolar my- 
elopathy, implicating a direct pathogenetic role for the vi- 
rus." However, others found no relationship between the 
vacuolar lesions and the presence of HIV-infected cells, and 
they concluded that AIDS-associated vacuolar myelopathy is 
either not related at all to HIV infection of the spinal cord and 
brain, or may be a remote or indirect effect of HIV or some 
other infectious agent.”"’ The spinal cord has also been re- 
ported to be the site of “degenerative” changes that are 
limited to the corticospinal tracts or the posterior columns. 
Such changes have been attributed to secondary wallerian 
degeneration consequent to proximal injury in the pyramidal 
system or dorsal root ganglia, respectively.’ Of related inter- 
est is the condition known as tropical spastic paraparesis that 
has been reported in several countries in the Caribbean, 
Indian Ocean, and South America. Virologic studies suggest 
human T-cell lymphotropic virus type 1 infection. Pathologic 
studies are scant, but two recently reported cases'” have 
shown a severe lymphocytic meningomyelitis unlike that seen 
in vacuolar myelopathy. 


Neuropathy 


A wide spectrum of cranial and peripheral nerve syn- 
dromes have been reported in several series* and in several 
recent reviews. ”™® In a prospective study of HIV-positive 
patients described by Gastaut et al’ the peripheral nervous 
system was found to be involved in 50 (89%) of 56 patients. 
The most commonly reported clinical syndromes include 
acute and chronic inflammatory demyelinating polyneurop- 
athy (in the early stages of HIV infection), distal symmetric 
polyneuropathy and polyradiculopathy (in the late stages of 
HIV infection), and mononeuritis multiplex. A sensory neu- 


“References 7, 25, 27, 43, 46, 48, 113-118. 
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Fig 5.—Vecuolar myelopathy. Section of thoracic spinal cord shows 
severe vacuolar degeneration in posterior columns and, to a lesser 
extent, in lateral columns (luxol fast blue-hematoxylin-eosin, original 
magnification x 12). 


ropathy due to ganglioneuronitis has also been described.” 
Many of these clinical syndromes share pathologic features in 
common, including segmental demyelination, axonal degen- 
eration, and epineurial and endoneurial mononuclear cell in- 
flammation. The etiology of these AIDS-associated neuro- 
pathies is multifactorial and often obscure. The neuropathy 
may be caused by direct HIV infection of the nerve.” Human 
immundefeficiency virus has been cultured from the nerve in 
some cases of AIDS-associated neuropathy’; however, the 
virus has not yet been demonstrated within Schwann cells or 
other peripheral nerve cells by immunohistochemistry or in 
situ hybridization. In one patient described by Bailey et al,” 
electron microscopy demonstrated retroviruslike particles 
within the peripheral nerve axoplasm. Necrotizing arteritis 
has been reported in some cases of AIDS-associated neuropa- 
thy. ™ = In the two patients with vasculitis described by 
Gherardi et al,” HIV was demonstrated in infiltrating mono- 
nuclear cells by in situ hybridization. Chaunu and colleagues” 
emphasized the frequency of involvement of the wall of small 
vessels by mononuclear cells (microvasculitis) in the early 
stages of the disease. Other infectious agents may cause a 
neuropathy in some HIV-infected individuals. In the patients 
described by Bishopric et al,” Eidelberg et al,” and Behar et 
al,“ a Guillain-Barré-like syndrome was related to CMV. 
Lanska et al” described an HIV-positive patient with syphi- 
litic polyradiculopathy. Other possible causes for AIDS- 
related neuropathies include the following factors: an im- 
mune-mediated attack against peripheral nerve components 
triggered by HIV or other viruses, or by the immunodeficien- 
cy state itself; various toxic, metabolic, and nutritional fac- 
tors; anc infiltration of nerves and/or roots by a neoplasm (eg, 
lymphoma). 


Myopathy 


Inflammatory myopathy has been the most frequently de- 
scribed skeletal muscle disorder in patients with AIDS or 
AIDS-related complex.”””* The disease is characterized 
by the subacute onset of proximal weakness, sometimes pain, 
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and an elevated serum creatine kinase level. The histologic 
findings in these cases have included muscle fiber necrosis and 
phagocytosis, interstitial infiltration with HIV-positive mac- 
rophages, and, in a few cases, cytoplasmic bodies or nemaline 
rods within myofibers.“”” To our knowledge, there have 
been no reports of direct viral invasion of skeletal muscle 
cells. An inflammatory myopathy has also been described in 
simian AIDS." Wiley et al recently reported a patient with 
polymyositis who was seropositive for both human T-cell 
lymphotropic virus type 1 and HIV. By using in situ hybrid- 
ization and immunocytochemistry, they observed direct in- 
fection of muscle fibers by human T-cell lymphotropic virus 
type 1 but no evidence of HIV in muscle or inflammatory cells. 

The pathogenesis of the inflammatory myopathy is not 
clear. The hypothesis that skeletal muscle cells are a primary 
target of HIV has not been borne out by tissue culture or by 
ultrastructural or viral localization studies. An alternate pos- 
sibility is that there is an attack on skeletal muscle cells by 
immune effector cells or that an opportunistic infectious agent 
alters muscle membranes, rendering them the target of an 
autoimmune reaction akin to idiopathic polymyositis.“ In a 
case of HIV-associated myopathy that we have studied, the 
presence of structural abnormalities of the microcirculation, 
immunocytochemical localization of the virus within mono- 
cytes around vessel walls, and evidence of altered vascular 
permeability (extravasation of red blood cells, iron pigment- 
laden macrophages) suggested that the virus might localize to 
the vascular bed of skeletal muscle, whether or not the muscle 
fiber is itself a target cell. Such regional distribution of virus- 
es has been proposed as one possible mechanism of viral 
tropism.” 

Recently, two groups have reported an acute toxic myopa- 
thy with myoglobulinuria developing in patients with AIDS 
who were treated with zidovudine (azidothymidine 
[AZT])."”" These cases seem to illustrate a different patho- 
logic process from the inflammatory myopathy described 
above. Some patients with AIDS or AIDS-related complex 
may experience proximal muscle weakness with a normal 
creatine kinase level; a muscle biopsy specimen showed se- 
vere type II fiber atrophy.” This condition may be related to 
poor nutrition, rapid weight loss, prolonged bed rest, or a 
remote effect of malignancy. 


Vascular Lesions 


Embolic cerebral infarction and hemorrhages in various 
sites (intraparenchymal, subarachnoid, and epidural and sub- 
dural) have been reported.” Several cases of CNS vasculitis 
in patients with AIDS or AIDS-related complex have ap- 
peared in the literature. Yankner et al” described a patient 
from the Massachusetts General Hospital, Boston, with CNS 
granulomatous vasculitis associated with HIV isolation from 
brain tissue and cerebrospinal fluid. Scaravilli et al™ reported 
a patient with AIDS who had multiple cerebral infarcts in 
association with chronic basal meningitis and a vasculitis 
histologically similar to that in the previous case. Vinters et 
al” described a patient with AIDS-related complex who had 
evidence of a systemic necrotizing vasculitis that most se- 
verely affected the CNS, with hemorrhagic necrosis of the 
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spinal cord and cauda equina. Nonvasculitic proliferative le- 
sions that affect smaller-diameter vessels within the lepto- 
meninges” and cerebral parenchyma” have also been de- 
scribed. Calcific vasculopathy that involves the basal ganglia 
has been described in children with AIDS (see below). We 
have observed abnormalities of the cerebral microvascula- 
ture with evidence of altered vascular permeability in cases of 
HIV meningoencephalitis and leukoencephalopathy (see dis- 
cussion above). As yet, there has been no unequivocal demon- 
stration of HIV (by electron microscopy, in situ hybridiza- 
tion, and/or immunocytochemistry) within intrinsic vascular 
cells in any of the AIDS-associated vasculopathies. 


AIDS-Dementia Complex 
Many clinical reports’**’" refer to a progressive deterio- 
ration of intellectual function— “dementia” —in patients with 
AIDS. This cognitive disorder usually occurs well into the 
course of the illness, but sometimes it may be the presenting 
manifestation of the disease. Motor abnormalities, ataxia, 
bladder and bowel incontinence, and seizures can also be 
present. Computed tomography of the brain has shown corti- 
cal atrophy and ventricular dilatation. Abnormalities of the 
cerebral white matter may be seen by magnetic resonance 
imaging. Postmortem neuropathologic study of patients 
with these clinical and radiologic abnormalities has shown a 
wide spectrum of abnormalities that range from HIV enceph- 
alitis to disseminated infections and combinations of these. 
Thus, it is likely that the pathogenesis of the cognitive impair- 
ment may differ in affected individuals. In some of our pa- 
tients with radiologic evidence of brain “atrophy” and 
ventricular dilatation, neuropathologic examination has dem- 
onstrated myelin and axon loss in the subcortical and central 
white matter rather than degeneration of the cerebral cortex. 


Pediatric Disease 


The neuropathologic abnormalities of AIDS in children 
differ somewhat from those in adults. These have been dis- 
cussed in several recent reviews. ”™"" The most frequently 
reported neuropathologic abnormality in pediatric AIDS is 
calcification of the basal ganglia and deep cerebral white 
matter. In some cases, progressive calcification has been 
demonstrated by computed tomographic scans. Histological- 
ly, this lesion consists of mineral deposits (calcium, iron) 
affecting both large and small vessels, ischemic neurons, 
microglial nodules, and large destructive lesions associated 
with lymphoma or vascular occlusion.” The next most fre- 
quent finding is HIV meningoencephalitis/leukoencepha- 
lopathy as described in adults (see above). The spinal cord in 
these cases may show secondary wallerian degeneration of 
the pyramidal tracts; however, vacuolar myelopathy has not 
yet been reported. Opportunistic infections of the CNS, in- 
cluding toxoplasmosis, CMV, PML, and cryptococcal menin- 
gitis, are relatively rare in infants and children. The most 
common focal CNS abnormalities reported by Dickson et al” 
were lymphomas and cerebrovascular lesions. Myopathies 
and peripheral neuropathies have not been reported in 
children. 
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Fig 6.— Cerebral toxoplasmosis. Whole mount shows acute Toxoplas- 
ma abscess with necrotic center in anterior putamen (hematoxylin- 
eosin, original magnification x 1.5). 


OPPORTUNISTIC INFECTIONS 
Toxoplasmosis 


Toxoplasma gondii encephalitis has been reported by a 
number of investigators. The encephalitis tends to be clinical- 
ly more fulminant and pathologically more devastating than 
in the nonimmunocompremised host.” It is considered to be 
the most common cause of focal brain lesions in patients with 
AIDS. Histologie studies of CNS toxoplasmosis complicating 
AIDS, based on both surgical and postmortem material,”” 
have shown that the lesions are frequently multiple and most 
often involve the cerebral cortex, subcortical white matter, 
and deep gray nuclei and, less often, the cerebellum and brain 
stem (Fig 6). Rarely, the spinal cord may be involved.” The 
lesions may be grouped into three histologic types based on 
the degree of tissue reaction: necrotizing, organizing, and 
chronic. All of these may coexist in the same patient. Micro- 
scopically, the earliest lesions—necrotizing abscesses —con- 
sist of foci of necrosis with variable petechial hemorrhages 
surrounded by a mixed and variable degree of acute and 
chronic inflammation, macrophage infiltration, and vascular 
proliferation (Fig 7, left). The small arteries that surround the 
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Fig 7.—Cerebral toxoplasmosis. Left, Toxoplasma cysts containing 
bradyzoites (hematoxylin-eosin, original magnification x 180). Right, 
Immunostaining of cyst and free tachyzoites (arrows) using anti- 
Toxoplasma antibody (peroxidase-antiperoxidase, original magni- 
fication x 180). 


abscesses may show marked intimal proliferation or even 
frank vasculitis with fibrinoid necrosis and thrombosis.” He- 
matoxylin-eosin-stained sections reveal abundant free tachy- 
zoites typically located at the periphery of the necrotic foci. 
Encysted bradyzoites may also be present. Both the free 
tachyzoites, as well as the encysted bradyzoites, may be 
demonstrated in paraffin-embedded sections by immunocyto- 
chemical staining with the use of commercially available anti- 
Toxoplasma antisera (Fig 7, right). Organizing abscesses 
consist of large well-demarcated areas of coagulation necrosis 
that are surrounded by lipid-laden macrophages. Cysts and 
free tachyzoites may also be found adjacent to these lesions, 
although they may be considerably reduced in number if 
therapy has been effective. Chronic abscesses consist of small 
(usually <0.5 cm in diameter) cystic spaces that contain small 
numbers of lipid-laden and occasional hemosiderin-laden mac- 
rophages with surrounding gliosis. Organisms may be diffi- 
cult to detect near these lesions. Recently, a diffuse “encepha- 
litic” form of cerebral toxoplasmosis has been reported in 
AIDS in which microscopic examination has shown wide- 
spread microglial nodules associated with Toxoplasma cysts 
or free tachyzoites within brain parenchyma. 


Fungi, Mycobacteria, and Spirochetes 


Fungi.—Among the pathologic fungi, Cryptococcus neo- 
formans, Candida species, Aspergillus species, Histo- 
plasma capsulatum, Coccidioides immitis, and Blastomyces 
dermatitidis have all been reported in decreasing order of 
frequency.” The histopathologic characteristics of the fungal 
meningoencephalitis caused by these agents are indistin- 
guishable from those that occur in the non-AIDS population, 
except that the lesions tend to be more extensive, the destruc- 
tive process is more necrotizing, and the inflammatory re- 
sponse is less prominent. Infection with C neoformans char- 
acteristically affects the basal leptomeninges that become 
thickened and opaque by reactive connective tissue and may 
obstruct the outflow of cerebrospinal fluid from the foramina 
of Luschka and Magendie, giving rise to hydrocephalus. Sec- 
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Fig 8.—Cryptococcal meningitis. Whole mount of cerebrum shows 
characteristic “soap bubble” lesions (enlarged Virchow-Robin spaces) 
in base of brain, especially in basal ganglia (arrows) (mucicarmine). 


tions of the brain disclose a gelatinous material within the 
subarachnoid space and small cysts within the brain, especial- 
ly at the base in the distribution of the lenticulostriate arteries 
(Fig 8). Microscopically, the intraparenchymal lesions consist 
of aggregates of organisms that are usually present within 
expanded perivascular Virchow-Robin spaces associated 
with a minimal or absent leukocytic or glial response (Fig 9). 
Meningeal infiltrates contain variable numbers of chronic 
inflammatory cells and fibroblasts admixed with the yeasts in 
which capsules can be well demonstrated with the mucicar- 
mine or periodic acid—Schiff reactions. 

Mycobacterium avium-intracellulare.—Infection of the 
meninges and brain with M avium-intracellulare has been 
reported infrequently in patients with AIDS." The inflam- 
matory response tends to be less pronounced than in Myco- 
bacterium tuberculosis and is described as consisting of 
foamy macrophages and chronic inflammation without dis- 
tinctive tubercles but with a clear-cut demonstration of the 
organisms by special staining techniques. The response to 
tuberculosis chemotherapeutic agents has been poor. 

Treponema pallidum.—Patients with HIV infection are at 
an increased risk for the development of neurosyphilis.””* 
The rate of progression and the severity of the disease appear 
to be accelerated in patients with AIDS, suggesting that the 
alteration in cell-mediated immunity seen in HIV infection 
may alter the natural course of syphilis." The CNS involve- 
ment by T pallidum may be manifested as asymptomatic 
infection, acute syphilitic meningitis, meningovascular syphi- 
lis, and, rarely, direct parenchymal invasion of the brain. In 
the series reported by Katz and Berger,” almost half of the 
patients with neurosyphilis also had syphilitic eye disease. An 
exceptionally severe necrotizing encephalitis with massive 
treponemal invasion of the brain (so-called quaternary neuro- 
syphilis) has been reported in a patient with HIV 
infection. 


Viral Infections 


CMV. —The most frequently recorded opportunistic viral 
pathogen that causes meningoencephalitis in patients with 
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Fig 9.—Cryptococcal meningitis. Enlarged perivascular (Virchow- 
Robin) space contains numerous cryptococcal organisms (periodic 
acid—Schiff, original magnification x 60). 
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Fig 10.—Cytomegalovirus encephalitis. Section from periventricular 
region shows enlarged glial cells containing typical cytomegalovirus 
intranuclear inclusions (hematoxylin-eosin, original magnifica- 
tion x 180). 
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AIDS is CMV.* The virus tends to localize in the ependyma 
and the subependymal regions of the brain. The earliest 
evidence of the destructive process can often be demonstrat- 
ed adjacent to the ependymal surface where the striking large 
intranuclear inclusion bodies are evident” (Fig 10). Immuno- 
cytochemical and in situ hybridization techniques have dem- 
onstrated that morphologically normal but latently infected 
cells can be found well beyond the site of cells that show viral 
inclusions.” A postmortem study of CMV encephalitis in 
AIDS from New York by Morgello and coworkers” identified 
five major categories of CMV-associated lesions in decreasing 
order of frequency: microglial nodules, isolated inclusion- 
bearing cells, focal parenchymal necrosis, necrotizing ventri- 
culoencephalitis, and necrotizing radiculomyelitis. Microglial 
nodules and CMV inclusions were the most common lesions in 
this series. The microglial nodules occurred with variable 
frequency and were most often encountered in the subcortical 
gray matter; however, only relatively few contained CMV 
inclusion-bearing cells. Isolated inclusion-bearing cells, unac- 
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companied by microglial nodules or inflammatory infiltrates, 
were seen in half of their cases, and could be identified in the 
capillary endothelium, astrocytes, and neurons. Some pa- 
tients with AIDS can have infection of the brain by both HIV 
and CMV"; thus, it is possible that the microglial nodules 
observed in these cases could be caused by either virus. 

HSV. — Herpes simplex virus encephalitis can occur in im- 
munosuppressed patients with an incidence and pathologic 
picture similar to that seen in immune competent individ- 
uals. ®™ The brain macroscopically shows necrosis that pre- 
dominantly involves regions ef the limbic system, namely, the 
temporal and inferior frontal lobes, insulae, and cingulate 
gyri. Acute cases may show swelling, congestion, and pete- 
chial or sometimes larger hemorrhages in affected areas. The 
characteristic histologic features include the following types: 
vascular changes (congestion, petechial hemorrhages, fibri- 
noid necrosis, and thrombosis of small vessels); acute eosino- 
philic necrosis of neurons; Cowdry type A intranuclear inclu- 
sions; and perivascular mononuclear cell inflammation in the 
gray and white matter and leptomeninges. Polymorphonucle- 
ar leukocytes can also be seen in areas of severe involvement. 
The Cowdry type A inelusion bodies have an eosinophilic 
homogeneous appearance and may be separated from the 
nuclear margin by a narrow clear zone; they can occur in both 
neurons and glia. Cowdry type A inclusions may not always 
be present in a given case ef HSV encephalitis; hence, their 
absence should not necessarily exclude a diagnosis of this 
condition. The immunoperoxidase method is a particularly 
useful technique for the identification of HSV antigen in 
paraffin-embedded sections." The viral antigen can be dem- 
onstrated in both the nucleus and cytoplasm of neurons and 
glia (oligodendrocytes, astrocytes, and, rarely, ependymal 
cells), and may be seen in both acutely injured and normal- 
appearing cells. Cowdry A inclusions also stain for HSV 
antigen. Herpes virions can be demonstrated by electron 
microscopy; however, this appears to be a relatively less 
sensitive diagnostic method.’” The herpesvirus genome has 
been detected by in situ hybridization in paraffin-embedded 
brain biopsy specimens of HSV encephalitis. ™” Viral cultures 
in most cases of herpes simplex encephalitis yield HSV type 1; 
however, several cases of encephalitis caused by HSV type 2 
have been reported in immunocompromised patients. ™ = 

To date, HSV encephalitis in its classic form appears to be 
uncommon in patients with AIDS."” However, cases of com- 
bined HSV-CMV ventriculo-encephalitis” and HSV type 2 
necrotizing myelitis®™™®™" have been reported in patients 
with AIDS. 

Varicella-Zoster Virus (VZV).— Herpes zoster accounts 
for 12% of all herpesvirus infections in patients with AIDS.™ 
The VZV-associated disorders that involve the CNS in AIDS 
include the following types: encephalomyelitis,""""” herpes 
zoster ophthalmicus, ”” trigeminal encephalitis,” leukoence- 
phalitis,” and cerebral vasculopathy.” The pathologic fea- 
tures of VZV infection consist of viral inclusion bodies in the 
nuclei of neurons within the gasserian or dorsal root ganglia. 
The VZV nucleic acid has been shown by in situ hybridization 
to be present in the neurons of normal human ganglia, sup- 
porting the notion of latency and reactivation of the virus at a 
time of reduction of immune defenses.” The inflammatory 
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process may extend into the meninges, dorsal roots, dorsal 
horns, spinel cord, and brain stem." Rostad et al™ described 
a patient with herpes zoster ophthalmicus who pathologically 
showed transsynaptic spread of VZV through the visual sys- 
tem. Cases of VZV encephalitis may show edema, perivascu- 
lar or leptomeningeal chronic inflammation, perivascular de- 
myelination, fibrin thrombi in vessels, necrosis, hemorrhage, 
and, in some instances, viral inclusions in glial cells, and, 
rarely, endothelial cells." Rare patients may have a leu- 
koencephal'tis characterized by multifocal demyelinating le- 
sions that resemble PML, with VZV inclusions in glial cells 
and neurons surrounding the lesions. ™™' = The VZV-associ- 
ated vascular disease is most commonly seen in patients with 
herpes zoster ophthalmicus but can also be seen in other forms 
of VZV infection. Both granulomatous arteritis” and a 
noninflammatory vasculopathy associated with the presence 
of VZV antigen in vascular walls” have been described. 

PML. —The disorder named PML or Richardson's disease 
was initially described by Aström et al'” and Richardson™ as a 
disorder of the white matter that occurs in patients with 
defective immune responses. The most commonly observed 
predisposing conditions have been chronic lymphoprolifera- 
tive, myeloproliferative, or granulomatous diseases. From 
the outset, it had been hypothesized that the disorder might 
result from an atypical viral infection, and in 1965, to our 
knowledge. Zu Rhein and Chou™ published the first ultra- 
structural images of oligodendroglial nuclei that contained 
profiles thet resembled papovavirus. Virus isolation followed 
in 1971,” which, throughout the years, has been almost al- 
ways identified as the JC papovavirus. Progressive multifocal 
leukoencephalopathy has been reported in patients with 
AIDS."*'™® The incidence of PML in patients with AIDS 
may be as high as 3.8%. 

Pathologically, the lesions consist of patches of irregular ill- 
defined granular destruction of the white matter, ranging in 
size from a few millimeters to extensive involvement of an 
entire lobe of the brain or cerebellar hemisphere (Fig 11). 





Fig 11.—Progressive multifocal leukoencephalopathy. Whole mount 
of cerebellum and pons shows extensive confluent demyelination in 
cerebellar white matter and basis pontis (hematoxylin-eosin—luxol fast 
blue, origina magnification x 1.2). 
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Whole-brain histologic sections, stained for myelin, demon- 
strate the multifocal lesions as having a “moth-eaten” appear- 
ance. In patients with AIDS, the extent and severity of the 
PML lesions may be greater than that observed in non-AIDS 
immunocompromised individuals. 

Microscopically, the typical lesion consists of a patch of 
demyelination in the center of which are many fat-laden mac- 
rophages and a few axons. At the edge of the lesion are greatly 
enlarged oligodendroglial nuclei in which the chromatin is 
replaced by glassy amphophilic viral inclusion material. 
These oligodendrocytes can be shown to contain viral antigen 
by the immunoperoxidase method (Figs 12 and 13, left) and by 
in situ hybridization. ™ Additional characteristics include the 
presence of bizarre, giant astrocytic nuclei (Fig 13, right) and 
occasional perivascular and subarachnoid infiltrates with 
lymphocytes and plasma cells. Wiley et al” demonstrated that 
macrophages that infiltrate the demyelinating PML lesions in 
patients with AIDS may also be infected by HIV. 


NEOPLASMS 
Lymphomas 


Primary CNS lymphoma has been reported with increasing 
frequency in patients with AIDS.°°""""""""* Tt is second only 
to toxoplasmosis as a cause of focal cerebral masses in 
AIDS.™ The older literature referred to these tumors as 
microgliomas; however, during the past 10 years, it has been 
recognized that the neoplastic cell is the same as that seen in 
non-Hodgkin’s lymphoma when it occurs outside the CNS. 
These tumors are frequently multicentric and involve the 
cerebrum, brain stem, and cerebellum in decreasing order of 
frequency. The CNS lymphomas in patients with AIDS often 
show extensive coagulative necrosis, which radiologically 
may resemble other necrotizing brain lesions, such as toxo- 
plasmosis. Extension to the ventricles and/or subarachnoid 
space has been recognized, thereby providing a useful diag- 
nostic test through cytologic examination of the cerebrospinal 
fluid. The histologic classification of primary CNS lymphomas 
in patients with AIDS can be difficult because of the pleomor- 
phic mixture of both neoplastic and nonmalignant lymphoid 
cells present in many cases.” The neoplastic lymphoid cells 
have ranged from small, noncleaved cells with multiple nucle- 
oli to the large cells of immunoblastic lymphoma. Marker 
studies have shown reactions consistent with a B-cell origin in 
most cases. The neoplasm tends to be infiltrative and shows a 
perivascular arrangement of tumor cells at the edge of the 
lesion (Fig 14). This reaction is highlighted with the reticulin 
stain that demonstrates a characteristic concentric network 
of silver-positive fibers. In general, tumor behavior is similar 
to that observed in the non-AIDS population”; however, one 
recent study has emphasized a greater tendency toward 
multicentricity.” 

The high incidence of non-Hodgkin’s B-cell lymphomas in 
patients with AIDS is common to other acquired and natural- 
ly occurring immunologic disorders, including transplant re- 
cipients and patients with autoimmune disease and immuno- 
blastic lymphadenopathy. The lymphomas in these conditions 
are most likely the result of the clonal evolution of neoplastic 
cells from a polyclonal pool of abnormally stimulated B lym- 
phocytes in conjunction with impaired T-cell surveillance. 
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lesion shows enlarged virus-infected oligodendroglial cells located 
predominantly at periphery of lesion. In this section, the oligodendrog- 
lial nuclei have been stained with an immunoeytochemical stain for 
papovavirus (peroxidase-antiperoxidase—luxo! fast blue, original 
magnification x 12). 





Fig 13.— Progressive multifocal leukoencephalopathy. Left, Oligo- 
dendroglial nuclei stained with antibody for papovavirus (peroxidase- 
antiperoxidase—luxol fast blue, original magnification x 180). Right, 
Demyelinating lesion contains bizarre giant astrocyte (hematoxylin- 
eosin—luxol fast blue, original magnification x 18D). 





Fig 14.—Primary central nervous system lymphoma (large-cell type). 
Note the perivascular distribution of lymphoma cells (hematoxylin- 
eosin—luxol fast blue, original magnification x 180). 
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The detection of Epstein-Barr virus sequences by in situ 
hybridization in CNS lymphomas occurring in patients with 
AIDS has suggested a possible pathogenetic role for this 
Virus f FRI fai 

Spread of systemic lymphoma to the CNS has been record- 
ed with greater frequercy in the AIDS than in the non-AIDS 
population. "S Secondary lymphomatous infiltrates pri- 
marily involve the leptomeninges, crania) and spinal nerves, 
and paraspinal epidural space in contrast to primary CNS 
lymphomas, which tend to involve the brain parenchyma. The 
systemic lymphomas in patients with AIDS have demon- 
strated an unusually high prevalence of high-grade neoplasia 
and a poor response to therapy. 


Kaposi’s Sarcoma 


Kaposi's sarcoma infrequently metastasizes to the CNS. 
This subject has been reviewed by Gorin et al.” 


COMMENT 


Despite the many publications on the neurologic and neuro- 
pathologic manifestations of AIDS, there are still many im- 
portant problems that need further study. The biology of HIV 
infeetion in the nervous system is poorly understood. There 
has been speculation that CNS HIV may be a specifie sub- 
group of the virus. The HIV isolates from the central nervous 
system have been shown to differ in many respects from 
peripheral blood and lymph node isolates. ™ Furthermore, it 
has been recently demonstrated that the amount of uninte- 





grated HIV DNA is greatest in the CNS tissue of patients 
with HIV encephalitis.” There is a close correlation between 
the presence of unintegrated viral DNA and cytopathic 
changes. Another major question is when and how HIV en- 
ters the nervous system. Does the virus invade the brain 
early in the course of the disease and remain latent in fixed 
macrophages only to be reactivated by subsequent opportu- 
nistic infections, a neoplasm, or other trigger? Conversely, 
could HIY infection of the brain be a late manifestation of 
systemic dissemination of the virus? The pathogenesis of 
many of the neuropathologic lesions observed in patients with 
AIDS remains uncertain. The cause of one of the most devas- 
tating AIDS-related neurologic syndromes— AIDS demen- 
tia—is un<nown. 

Autopsy studies on patients with AIDS will be extremely 
useful In providing suitable tissues for continued virologic 
research and to clarify unsolved clinicopathologic questions. 
In additien, continued complete postmortem examinations 
will be he:pful in defining the neuropathology of related infec- 
tions, such as HIV type 2 and human T-cell lymphotropic 
virus type 1, the effects of treatment, and the identification of 
new or perhaps as yet unrecognized lesions. 


D. L. Welker, PhD, University of Wisconsin Medical School, Madison, 
provided the antiserum with regard to Fig 12. 

We acknowledge with pleasure the superb assistance of Linda Johnston in 
the preparation of this manuscript and the collation of reference materials. 
Peggy Conlan and Barbara Hance provided the excellent histologic and immuno- 
eytochemica: preparations. Michelle Balthazar prepared the finished 
illustrations 
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A Process Displaying a Spectrum of Histologic Features 
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è Nonneopiastic vascular lesions 
in lymph nodes have been infre- 
quently reported. These lesions are 
believed to be rare and display histo- 
logic features ranging from minima’ 
changes associated with vasodila- 
tion to vascular proliferative lesions 
resembling Kaposi's sarcoma. The 
-spectrum of histologic features ob- 

served in these cases appears to be 
the result of the extent and duration 
of regional lymphatic and/or venous 
obstruction. We describe two such 
cases, one presenting in a 66-year- 
old black woman, after undergoing 
radical mastectomy for treatment of 
invasive ductal carcinoma of the 
breast following a breast biopsy; the 
other presenting in a 66-year-old 
black man with obstruction of the 
subclavian vein. We consider these 
cases worthy of review, both from a 
x dpointand in the dif- 

-ferential diag nosis of vascular neo- 
- plasms of lymph nodes, especially 
Kaposi’ ssarcoma. 
> {Arch Pathol Lab Med. 1990;114: 

656-660) 
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V ascular transformation of lymph 
node sinuses due to venous ob- 
struction was first described im humans 
by Haferkamp and colleagues in 1971. 
They described vascular changes in 
three patients, two of whom had associ- 
ated regional malignant disease. Since 
then, few references to these lesions 
have been made in the literature. In 
1975, Fayemi and Toker” reported four 
cases of a proliferative, benigr vascular 
proces” encountered in lymph nodes of 
women aged 50 to 70 years. Three of 
their patients were undergoirg radical 
mastectomies for invasive mammary 
ductal carcinoma; one patent had 
Hodgkin’s disease. They designated 
these lesions as nodal angiematosis. 
Lott and Davies’ described two hyper- 
vascular lymph node lesions zhat they 
termed hemangiomatoid and pan-nod- 
al vasodilation. The hemangiomatoid 
lesions were noted in singe lymph 
nodes that were excised with axillary 
lymph node greups for treatment of 
mammary carcinoma. Their pan-nodal 
vasodilatation cases were most com- 
monly found in patients with ulcerative 
colitis, or carcinoma of colonic or mam- 


mary origin. Although not mentioned in 


the title of this article, they also de- 
scribed a “miscellaneous” lesion encoun- 


tered in the hilar areas of an axillary 


lymph node removed in the treatment of 
carcinoma of the breast. 


REPORT OF CASES 


CASE 1.-—A 66-year-old black woman had 
undergone a left breast biopsy procedure 3 
weeks previously that revealed an invasive 
ductal carcinoma 3.5 em in diameter. The 
current material was a left radical mastecto- 
my specimen. Results of the remainder of the 
physical examination and laboratory findings 
were unremarkable. 

CASE 2.—A 66-year-old previously 
healthy black man from Jamaica who had 
lived in the United States for the past 28 
years presented with a 2-week history of 
swelling of the left arm. On physical exami- 
nation, a firm, movable 1- to 2-em left supra- 
clavicular lymph node was noted as well as a 
tight, swollen left upper extremity. Results 
of the remainder of the physical examination 
and laboratory findings were within normal 
limits. A venogram revealed thrombosis of 
the left subclavian vein. The palpable left 
supraclavicular lymph node was excised, 
along with some adjacent connective and 
lymphoid tissue, 


PATHOLOGIC FINDINGS 


The specimen from patient 1 was a © 
modified radical mastectomy that con- — 
tained axillary lymph nodes without 
metastatic disease. Notably, however, 
there was invasive ductal carcinoma in 
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the lower portion of the axillary adipose 
tissue. This appeared to be in contiguity 
with residual primary mammary neo- 
plasm that was situated in the upper 
outer quadrant of the breast. In the sub- 
capsular sinusoidal spaces of axillary 
lymph nodes, there was a proliferation 
of flat to spindled endothelial cells with 
round to oval, distended lumena that 
contained sparse red blood cells (Fig 1). 
No mitotic activity or cellular pleomor- 
phism was noted. There was associated 
capsular fibrosis, mainly in the areas of 
vascularity. Focally, these endothelial- 
lined spaces formed a sievelike pattern 
(Fig 2). The remainder of the lymph 
node architecture was unremarkable, 
and there were no hilar thromboses. 
Hemosiderin was absent throughout. 

The specimen from patient 2 con- 
sisted of multiple supraclavicular lymph 
nodes, the largest measuring 1 cm in 
diameter. Numerous vessels and associ- 
ated fibrous tissue distorted the entire 
architecture of the subcapsular and si- 
nusoidal regions, and replaced a large 
portion of the lymphoid tissue (Fig 3). 
The vessels ranged in size from slitlike 
spaces lined by plump endothelial cells 
to channels up to 2 mm in diameter. The 
largest vessels contained red blood 
cells, fibrin, and fluid that resembled 
lymph. These were most prominent in 
the hilar regions. Areas with small ves- 
sels and associated fibrous tissue focally 
simulated Kaposi’s sarcoma (Fig 4). 
There was red blood cell extravasation 
in these areas, however, no hemosider- 
in, hyaline globules, or cellular atypia 
was noted. Areas similar to those seen 
in patient 1 were also noted (Fig 5). 


COMMENT 


Vascular transformation of lymph 
node sinuses was initially reported by 
Haferkamp et al.’ One of their patients 
had acute obstruction of the superior 
vena cava with swelling and cyanosis of 
the head and neck and a 1-em mediasti- 
nal lymph node. Another “peanut- 
sized” painful lymph node was present 
in the axilla of an otherwise asymptom- 
atic 22-year-old woman; one patient had 
a 3-em retroperitoneal lymph node asso- 
ciated with a pelvic and retroperitoneal 
malignant lymphoma. Lymph nodes 
from their three cases exhibited exten- 
sive thrombotic obliteration of hilar and 
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are lined by flattened and spindled endothelial cells. 


perinodal veins.’ The sinusoidal archi- 
tecture was replaced by a network of 
anastomosing vascular channels, some 
of which were large and tortuous; others 
closely resembled small capillaries. No 
cytologic atypia was present, and there 
was a varying amount of associated fi- 
broplasia. They interpreted these histo- 
logic findings as the sequelae of severe 
venous obstruction, resulting in in- 


creased venous pressure and shunting 
of blood into lymphatic channels. This 
also apparently precipitated a reorgani- 
zation of the lymph node sinuses, with 
the subsequent capilarylike forma- 
tions. Haferkamp et a’ noted that the 
earliest changes, seen 10 days after the 
onset of symptoms, consisted of recent- 
ly organized hilar thromboses and early 
fibroplasia. The lesions of longer dura- 
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Fig 4.—Relatively more solid area with closely packed spindle-type endothelial cell proliferation, 
focal fibrosis, and red blood cell extravasation, simulating Kaposi's sarcoma. 


tion (5 weeks and later) displayed more 
marked vascularized and hyalinized fi- 
brosis with associated lymphoid atro- 
phy and sclerosis ef the hilar veins. The 
histologic features seen in our patient 
2, obtained 2 weeks after the onset of 
symptoms, closely resembled these lat- 
ter cases. Although no thrombosis of the 
nodal or perinodal hilar veins was ob- 
served, there was a large thrombus in 
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the left subclavian vein noted on veno- 
graphic studies. 

Regions studied in patient 2 (Fig 3) 
also resembled the entity described by 
Lott and Davies’ as a hemangiomatoid 
lesion of the lymph node. These lesions 
consisted of a plexus of vessels of vary- 
ing caliber extending into the lymph 
node parenchyma from the hilar re- 
gions. These changes were noted in sin- 


gle lymph nodes in axillary lymph node 
dissection specimens obtained from two 
patients with carcinomas of the breast. 
These authors also reported a second 
lesion that they designated as pan-nodal 
vasodilation. This process, consisting of 
a proliferation of vessels, apparently 
small veins, was present diffusely in the 
medullary and cortical regions as well as 
in perinodal connective tissue. Features 
of these lesions were also similar to 
those noted in patient 2 (Fig 3). Most of 
the patients with this lesion had carcino- 
ma of the breast or colon; some had ul- 
cerative colitis. They described a third 
lesion that showed an apparent prolifer- 
ation of vascular and smooth-muscular 
tissue in the hilar regions of four axillary 
lymph nodes, also from a woman with 
mammary carcinoma. Although not 
postulated by the authors,” all of these 
latter features may have been second- 
ary to lymphatic and/or venous obstruc- 
tion. It is interesting that a significant 
number of their patients had carcino- 
mas in the vicinity of the lymph nodes 
examined. 

Fayemi and Toker” reported a vascu- 
lar proliferative lesion of lymph nodes 
that they designated as nodal angioma- 
tosis. In their cases, a benign vascular 
proliferation in the cortical and medul- 
lary lymph node regions was noted. Al- 
though the lymph node architecture 
was primarily intact without lymphoid 
atrophy, the vascular proliferation in 
the subcapsular sinusoidal regions was 
striking. Small, round to oval lumena 
were lined by flattened to cuboidal en- 
dothelial cells without cytologic atypia 
or mitotic activity. These features 
closely resembled those seen in patient 
1 (Figs 1 and 2) and also focally in 
patient 2 (Fig 5). This histologic picture 
is identical to that illustrated by 
Schnitzer.” However, he designates 
these lesions as vascular transformation 
of lymph node sinuses, as do Dorfman 
and Warnke.’ Bedrosian’ presented two 
additional cases of nodal angiomatosis 
and noted the similarity of these lesions 
to those reported as vascular transfor- 
mation of sinuses by Haferkamp et al.’ 

Steinmann et al’ was able to experi- 
mentally produce vascular changes in 
lymph nodes. They produced conges- 
tion in cervical lymph nodes of rabbits 
by occluding nodal veins, efferent lym- 
phatics, or both. Complete occlusion of 
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lar to that depicted in the axillary lymph nodes of patient 1 (Fig 1). 


both lymphatics and veins led to total 
necrosis (infarction) of nodal parenchy- 
ma. This corresponded to changes noted 
in superficial lymph nodes described by 
Davies and Stansfeld,* which they be- 
lieved were due to venous occlusion. In- 
complete occlusion of the veins com- 
bined with complete occlusion of the 
lymphatics or complete occlusion of the 
lymphatics alone resulted in vascular 
transformation of lymph node sinuses, 
as previously described by Haferkamp 
et al.’ This feature was noted as early as 
7 days after the occlusion(s). In this ear- 
ly stage of venous sinus thrombosis, 
proliferation of subendothelial tissue 
along with blood capillary proliferation 
was noted, initially most prominent 
along the capsular side of the marginal 
sinus. Subsequently, the sinuses were 
transformed into a framework of chan- 
nels resembling blood capillaries. These 
changes corresponded to those noted in 
our cases (Figs 1, 2, and 5) as well as 
those described by Fayemi and Toker.” 
Complete or incomplete occlusion of 
veins combined with complete occlusion 
of lymphatics also resulted in a pro- 
nounced thickening of the capsule, scle- 
rosis of the medullary sinuses, depletion 
of nodal lymphocytes, and cavernous di- 
lation of some hilar vessels. These 
changes corresponded to those noted in 
patient 2 (Fig 3) and those previously 
documented by Haferkamp et al.' Occlu- 
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sion of veins alone caused moderate 
thickening of the capsule and nodal pa- 
renchymal sclerosis, but no vascular 
transformation. Vascular transforma- 
tion did not develop without occlusion of 
the efferent lymphatics. 

Lucke et al’ detailed similar lesions in 
nine domestic cats, which they termed 
plexiform vascularization of lymph 
nodes. These lesions occurred in the cer- 
vical and inguinal regions of otherwise 
healthy animals and consisted of capil- 
lary vasoproliferation and lymphoid at- 
rophy. They were reportedly found in 
over 5% of surgical biopsy specimens of 
cat lymph nodes over a 5-year period. 

Rousselet et al” recently described a 
benign vascular proliferative lymph 
node lesion that they interpreted as a 
reactive healing process, and which his- 
tologically resembled exuberant granu- 
lation tissue. Clinically, this patient had 
serologic evidence of Toxoplasma gon- 
dii infection. Along with the spindled 
endothelial cells were areas of cortical 
coagulative necrosis. This latter feature 
separates this lesion from the others. 

In contradistinction to these cases are 
several relatively infrequent vascular 
neoplasms of lymph nodes. There are 
three reported cases describing lymph 
node hemangiomas." These lesions 
are relatively well circumscribed, as op- 
posed to the diffuse nature of the vascu- 
lar lesions seen with lymphatic or ve- 


nous obstruction. They seem to present 
more frequently in the pediatric age 
group. The nodal hemangioma reported 
by Almagro et al” was from a patient 
who also had intestinal angiodysplasia 
and a hemangiopericytoma of the oral 
mucosa. 

Two eases of primary hemangioen- 
dotheliomas of lymph nodes have been 
reported”; one with a spindle and his- 
tiocytoid (epithelioid) pattern.” The lat- 
ter lesion lacked welldefined vascular 
spaces and was studied with electron 
microscopy and immunohistochemical 
stains. Endothelial differentiation was 
demonstrated using beth modalities 
(Weibel-Palade bodies and factor VIII- 
related antigen positivity in tumor cells, 
respectively). These lesions closely re- 
sembled the examples of histiocytoid 
hemangiomas and epithelioid heman- 
gioendotheliomas described by Rosai 
and colleagues." 

Recently, Suster and Rosai” de- 
scribed a peculiar intranodal hemor- 
rhagic spindle cell tumor. These lesions 
were characterized by highly vascular- 
ized interlacing fascicles of spindle cells 
with a rim of surrounding lymph node. 
Immunchistochemical stains revealed 
actin, myosin, and vimentin positivity. 
Electron-microscopic studies demon- 
strated features indicative of myofi- 
broblastic and smooth-muscle differen- 
tiation. Focally stellate areas of 
collagen in an “amianthoid” pattern 
were noted. 

One case originally presented as a pri- 
mary hemangioma of the lymph node 
was later reclassified as an example of a 
metastatic angiomatoid malignant fi- 
brous histiocytoma.” This case was that 
of a 28-year-old woman with an axillary 
metastasis from a primary tumor situ- 
ated in the elbow region. These neo- 
plasms usually display significant cellu- 
lar pleomorphism with up to three 
mitoses per high-power field. 

Another important vascular neo- 
plasm of lymph nodes seen in increasing 
numbers and usually in association with 
immunosuppression is Kaposi's sarco- 
ma. Although lymph nodes are usually 
secondarily affected by Kaposi's sarco- 
ma, this entity still probably represents 
the most common vascular neoplasm 
arising in lymph nodes.” These lesions 
display a spindle cell proliferation with 
slitlike spaces, extravasated red blood 
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an 


cells, and hemosiderin. Hyaline glob- 
ules are present intracellularly and ex- 
tracellularly. The spindle cells usually 
exhibit at least a mild degree of cytolog- 
ic atypia and are somewhat larger than 
the usual type of endothelial cells. Larg- 
er vessels or vessels with more open 
lumena are not considered a diagnostic 
component of this neoplasm. Kaposi's 
sarcoma can present in a solid, nodular, 
and well-cireumscribed fashion in 
lymph node tissue, but can also infil- 
trate lymph node sinuses in a pattern 
similar to that seen in patient 2 (Fig 4). 
Localized sinusoidal deposits can also be 
seen. Both the intranodal hemorrhagic 
spindle-cell tumor with “amianthoid” fi- 
bers described by Suster and Rosai” 
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and the nodal benign vascular prolifera- 
tion reported by Rousselet et af” focally 
resembled nodal Kaposi's sarcoma; the 
latter case was originally diagnosed as 
such. Some cases of lymphadenopathic 
Kaposi's sarcoma are apparently not as- 
sociated with immunosuppression.” 

We believe the spectrum of features 
exhibited in both the previously re- 
ported nonneoplastic cases (with the 
exception of Rousselet and coworkers’ 
case”) and in our cases represent se- 
quelae of lymphatic and/or venous ob- 
struction. We agree with Kasznica et al” 
that these lesions are “proliferative-re- 
active” in nature. In our opimion, the 
lesion described as nodal angiomatosis” 
and vascular transformation of sinuses’ 
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trum of changes that are associated with 
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and/or venous channels, respectively. 
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cular transformation of sinuses for 
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Ultrastructural Morphometry 


in the Diagnosis of Sézary Syndrome 


Claire M. Payne, PhD, Lewis Glasser, MD 


è Blood specimens from 87 pa- 
tients and control subjects were pre- 
pared for electron microscopy and 
subjected to ultrastructural morpho- 
metric evaluation by using a comput- 
erized planimeter. A statistical com- 
parison of means indicated that 
patients with Sézary syndrome could 
be distinguished from normal sub- 
jects and patients with reactive lym- 
phocytosis, by using mean nuclear 
perimeter and form factor values. The 
lymphocytic nuclei from patients 
with infectious mononucleosis were 
more lobated on visual inspection 
than those from normal subjects; the 
difference in mean form factor values 
was statistically significant. The sim- 
ple histogram method was most dis- 
criminatory and distinguished pa- 
tients with Sézary syndrome from 


eukemias, presenting as small lym- 

phocytes with abundant hetero- 
chromatin, can provide a diagnostic 
challenge for hematopathologists at the 
light microscopic level.’ Difficulties in 
the diagnosis are underscored by the 
fact that some “well-differentiated” leu- 
kemic cells often share many morpholo- 
gic and immunophenotypic similarities 
with their normal or reactive counter- 
parts.’ This cytologic mimicry between 
nonneoplastic and malignant cells re- 
sults from the fact that the dysregula- 
tion of differentiation in lymphoid ma- 
lignancies can be extremely subtle.‘ The 
Sézary syndrome (SS), which repre- 
sents the leukemic phase of a convo- 
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patients with other types of lymphoid 
leukemias and reactive lymphocyto- 
sis, including infectious mononucle- 
osis. The histogram method could 
not, however, distinguish patients 
with Sézary syndrome from patients 
with T-cell chronic lymphocytic leu- 
kemia and Japanese T-cell leukemia. 
The use of bivariate graphic displays 
(plotting nuclear size and shape mea- 
surements) placed the lymphoid cells 
of the various types of lymphoproli- 
ferative disorders into distinct mor- 
phometric domains. Computerized 
morphometric techniques may, 
therefore, be of greater value when 
the range of possible diagnoses is 
large. 

(Arch Pathol Lab Med. 1990;114: 
661-671) 


luted,” small-cell, T-cell lymphoma of 
skin,” can present such a diagnostic 
challenge. Sézary cells, when present in 
small numbers in the peripheral circula- 
tion,’ can be confused with reactive lym- 
phocytes,” including  viral-induced 
lymphocytosis. When present in higher 
numbers, Sézary cells can be confused 
morphologically, with other types of 
chronic leukemias, such as chronic lym- 
phocytic leukemia (CLL),™ plasma cell 
leukemia,” and the “buttock cell”” that 
characterizes the leukemic phase of a 
nodal-based lymphoma (LPL). 

It is now recognized that the light 
microscopic identification of Sézary 
cells in the peripheral blood of patients 
with mycosis fungoides (MF) carries a 
poor prognosis.~~’ A quantitation of 
these cerebriform mononuclear cells 
was deemed necessary,” since cere- 
briform mononuclear cells have been 
identified in the blood of healthy individ- 
uals and can appear Sézary-like.” To 


diagnose SS, Vonderheid et al” used a 
value of greater than 15% circulating 
atypical lymphocytes with cerebriform 
nuclei, and Sausville et al” used a value 
of greater than 20% lymphocytes with 
atypical nuclear convolutions. A more 
accurate identification of circulating Sé- 
zary cells is therefore paramount for an 
accurate diagnosis and prognosis. Ul- 
trastructural morphometric studies 
from our laboratory,” and those of oth- 
ers,” have proved the usefulness of 
quantitation in distinguishing MF from 
reactive lymphoid infiltrates of skin and 
MF from convoluted B-cell lympho- 
mas.” Our previous morphometric stud- 
ies also indicated that “mathematically 
defined” malignant Sézary cells could 
not be produced by in vitro stimulation 
using a series of mitogens and anti- 
gens,” and that the vast majority of re- 
ported Sézary-like cells, present in be- 
nign conditions, could not be included in 
the unequivocal malignant range,” 
which was morphometrically defined 
from skin biopsy specimens from pa- 
tients with MF by using the sensitive” 
shape analytic formula (4 wAl[area|/ 
P[perimeter}’) that defines form factor” 

The purpose of the present ultra- 
structural morphometric study was to 
determine the best discriminatory nu- 
clear parameters in circulating lympho- 
cytes that are most useful in the diagno- 
sis of SS. A novel approach to the 
evaluation of leukemias, in general, by 
using bivariate graphic displays to es- 
tablish morphometric domains, is also 
described. 


PATIENTS AND METHODS 
Patient Selection 


The following clinical groups that con- 
tained a total of 87 cases were included in the 
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study: 20 normal subjects (10 female and 10 
male); 15 cord blood specimens; 10 children 
with reactive lymphocytosis (RL) (9 cases 
were virally induced); & adults with viral- 
induced lymphocytosis (3 cases of Epstein- 
Barr virus [positive | and 2 cases of eytomega- 
lovirus [positive]); 8 patients with SS; 10 
patients with B-type CLL; 4 patients with 
LPL; 1 patient with T-cell CLL; 1 patient 
with Japanese T-cell leukemia; 4 patients 
with natural killer cell (NK) lymphoprolifer- 
ative disorder (LPD); 2 patients with com- 
mon acute lymphocytic leukemia; 2 patients 
with T-cell acute lymphocytic leukemia; 2 
patients with hairy-cell leukemia; and 1 pa- 
tient with cold agglutinin disease. All pa- 
tients with benign and malignant LPDs, for 
which there were glutaraldehyde-fixed ve- 
nous blood specimens available, were in- 
cluded in the study, representing a range of 
“stimulated” lymphocytes and other forms of 
leukemia, some of which have grooved or 
clefted nuclei by light mieroscopy. Blood was 
initially drawn under the guidelines of our 
institution’s informed consent procedures. 
All charts were reviewed, and a final diagno- 
sis was obtained; diagnoses were based on a 
combination of clinical findings, biopsy re- 
sults, routine light and electron microscopy, 
and immunophenotyping (when available). 
The eight patients with SS all had biopsy- 
proved MF, by using the combined results 
from light microseopy, immunohistoche- 
mistry, and quantitative electron microsco- 
py as previously deser-bed.” The biopsy 
specimens were taken from skin lesions de- 
scribed clinically as exfoliative erythroder- 
matitis (three cases), atopic dermatitis (two 
cases), and erythroderme (three cases). 


Preparation of Cells 
for Electron Microscopy 


Blood specimens from 87 patients and con- 
trol subjects were spun in Wintrobe tubes, 
and the buffy coat layer was fixed in situ with 
3% glutaraldehyde in 0.1-mol/L phosphate 
buffer. The buffy coat plug was removed, 
postosmicated, dehydrated, and embedded 
in Spurr’s epoxy resin. 


Ultrastructural Morphometric 
Techniques 


Selection of Cells fer Analysis.—One 
hundred nuclei from each case were photo- 
graphed under the electron microscope at a 
scope magnification of x 3600, and all nega- 
tives were printed on 20 x 25-cm sheets of 
photographic paper. In the nonleukemic 
cases, only mature-appearing lymphocytes 
with abundant heterochromatin were se- 
lected for analysis. Leukemic cells were iden- 
tified by their characteristic chromatin pat- 
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terns and cytologic detail. In those cases 
where the leukemias were defined by light 
microscopy as small cells with abundant het- 
erochromatin (eg, CLL, SS, and NK LPDs), 
all lymphoid cells with a mature chromatin 
pattern were photographed for morphomet- 
ric evaluation. 

Tracing Procedures. —Each electron mi- 
crograph was placed on the sensitized tablet 
of a manually operated plainmeter image an- 
alyzer (MOP-3, Carl Zeiss Inc, New York, 
NY)," and the nuclear contour was manually 
traced by using a sensitized pen. The circum- 
ference of the nuclear membrane that forms a 
pseudoinclusion was not traced. 

Computations. —Perimeter (P), area (A), 
and FF values were obtained for each nucle- 
us. The FF (4 7A/P*) is a measurement that 
bears an inverse linear relationship to the 
degree of deviation from a circle. The FF 
value of a perfect circle is 1.0. Values less 
than 1.0 indicate various degrees and forms 
of nuclear irregularities,” with the lowest 
values indicating the greatest deviation from 
a circle. The methods and rationale used for 
measuring nuclear contours based on only a 
nuclear outline (which does not inelude en- 
closed cytoplasmic areas) have been previ- 
ously reported.” When a plane of section cuts 
through a lobated nuclear so that pseudodis- 
connected lobes appear in the resultant pho- 
tograph, the FF value for the entire nucleus 
is obtained by weighing the FF value for each 
lobe based on the respective square micron 
area, as previously described.” 

Statistics.—The mean + SD of each ultra- 
structural parameter was determined for 
each case. The SD and CV was used as a 
measure of inherent cellular variability with- 
in individual cases. A mean group value + SD 
was then obtained for selected control and 
leukemic groups. The mean group SD and 
CV were used as a measure of heterogeneity 
among cases within each group. The means 
were compared by using Student's t test. The 
difference between two means was consid- 
ered statistically significant if P<.05. 

Morphometric Domains.—A morpho- 
metric domain is a two-dimensional cluster 
plot that allows one to compare experimental 
groups visually by using two different vari- 
ables simultaneously. The rationale and 
practical aspects of the use of multivariate 
analysis is beyond the scope of this article, 
but readers should refer to previously pub- 
lished studies on the topic.“ In the present 
study, the mean nuclear FF and mean nucle- 
ar area (A) for each case were used as x,y 
coordinates in a bivariate graphic dis- 
play.” The morphometric domains were 
determined by generating a series of poly- 
gons. The polygons were drawn by joining 
the furthest points in the cluster to form a 
“wrap” around the entire cluster, as previ- 
ously described." 


rr = F 


Histogram Technique 
(Percentage of Lymphocytes 
With 0 to 12 Sharply Angled 
Nuclear Invaginations [NIs]). 

A sharply angled NI is defined as an inden- 
tation of the nucleus that forms an angle by at 
least one side of the indentation with the 
nuclear surface that is 90° or less. Criteria 
used for evaluating NIs were as previously 
described.” Briefly, NIs that were not 
scored as “sharply angled” included shallow 
indentations that subtended an angle greater 
than 90° with the surface and curved profiles 
where surface tangent lines could not be ac- 
curately drawn. Readers who want to use 
this histogram method on their own photo- 
graphs should refer specifically to the dia- 
gram shown in the article by Payne and colle- 
gues,” which describes acceptable vs 
unacceptable NIs by using a series of tangent 
lines. The number of sharply angled NIs has 
been given for each of the 27 nuclei shown in 
Figs 1 through 3 of the present study (see 
figure legends). 

The number of NIs was determined by 
scoring consecutive lymphocytes under the 
electron microscope, while traversing the 
buffy coat from top to bottom in adjacent grid 
windows, until a total of 100 lymphocytes 
were scored. A histogram that showed the 
percentages of lymphocytes having 0 to 12 
sharply angled NIs was then prepared. 


RESULTS 
Ultrastructural Appearance 
of Normal, Reactive, and Neoplastic 
Lymphocytes 


The ultrastructural variability of the 
nuclei shown in Figs 1 and 2 character- 
ized the normal and reactive popula- 
tions of lymphocytes found in non-leu- 
kemic subjects. Leukemic populations, 
on the other hand, are less variable, and 
are characterized by populations of cells 
with similar types of nuclear shapes 
and/or chromatin patterns (Fig 3). For 
example, the leukemic nuclei found in 
B-cell CLL have smooth nuclear con- 
tours (Fig 3G), those in Japanese T-cell 
leukemia are lobated (Fig 3C), the nu- 
clei of Sézary cells are highly convoluted 
or cerebriform in appearance (Fig 3A), 
and cells in T-cell CLL can have several 
sharply angled NIs (Fig 3B). Many of 
the leukemic cells bear a striking simi- 
larity to certain lymphocytes found in 
normal or reactive blood. Compare, for 
example, a nucleus from B-cell CLL 
(Fig 3G) with its possible normal coun- 
terparts in Figs 1A, 1B, 2A, and 2B, a 
Sézary nucleus (Fig 3A) with Figs 1G 
and 2D, Japanese T-cell leukemia (Fig 
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Fig 1.—A through |, Ultrastructural variability of lymphocytic nuclei obtained from the peripheral olood of normal subjects 
(uranyl acetate—lead citrate, x 6400). A, Round contour; no sharply angled nuclear invaginatons (Nls). B, Oval shape; no 
sharply angled Nls. C. Indentation of nuclear membrane that is not sharply angled; no sharply angled Nis. D, Contour 
containing one sharply angled NI. E, Contour containing three sharply angled Nis. F, Stalked nuclear lobe (nucleotesimal); 
one sharply angled NI. G, Sézary-like cell with a convoluted appearance; seven sharply angled Nis. H, Petal fermation, 
clover-leafing or lobated appearance; no sharply angled Nis. |, Natural killer—like cell (no sharply angled Nis); note the 
presence of cytoplasmic granules near the hof region of the nucleus. These granules were identified as containing parallel 
tubular arrays at higher magnification. 
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Fig 2.—A through |, Ultrastructural variability of lymphocytic nuclei obtained from the peripheral blood of patients with 
reactive lymphocytosis (uranyl acetate—lead citrate, x 6400). A, Round contour: no sharply angled nuclear invaginations 
(Nis). B, Oval shape; no sharply angled Nis. C, Contour containing one sharply angled NI. D, Sézary-like cell with a 
convolutec appearance; four sharply angled Nis. E, Three pseudodisconnected lobes: no sharply angled Nis. F, Petal 
formation, clover-leafing or lobated appearance; two sharply angled Nis. G, Lobated appearance; one sharply angled NI. H, 
Stalked nuclear lobe (nucleotesimal) and fingerlike projection; no sharply angled Nis. I, Natural killer—like cell shows slight 
indentation of nuclear contour; no sharply angled Nis. Note the presence of cytoplasmic granules near the hof region of the 


nucleus. 
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Fig 3.—A through |, Characteristic cells found in different types of leukemias and natural killer cell lymphoproliferative 
disorders (uranyl acetate—-lead citrate, x 6400). A, Sézary syndrome (cerebriform nucleus); six sharply angled nuclear 
invaginations (Nls). B, T-cell chronic lymphocytic leukemia; three sharply angled Nis. C, Japanese T-cell leukemia (lobated 
nucleus); one sharply angled NI. D, Leukemic phase of large-cell (T-cell) lymphoma; no sharply angled Nis. Note the sparse 
heterochromatin and large nuclear size. E, Leukemic phase of lymphoma (round nuclear profile); no sharply angled Nis. F, 
Leukemic phase of small-cell (B-cell) lymphoma. Several nuclear indentations are present; none represent sharply angled 
Nis. G, B-cell chronic lymphocytic leukemia (smooth nuclear contour); no sharply angled Nis. Note the dilated rough 
endoplasmic reticulum filled with an electron-dense material, presumably immunoglobulin. H, Hairy-cell leukemia: no 
sharply angled Nis. Note the presence of abundant, long microvilli. |, Natural killer cell lymphoproliferative disorder; one 
sharply angled NI. Abundant cytoplasmic granules are present near the hof region of the nucleus. 
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Table 1.—Mean Group Values of Ultrastructural Morphometric Nuclear Parameters From Normal Subjects and Patients 
With RL and Leukemias* 


Parameter 
Nuclear perimeter, um 
SD nuclear perimeter, um 
CV nuclear perimeter 
Nuclear area, um? 

SD nuclear area, am? 
CV nuclear area 
Nuclear FF 

SD nuclear FF 

CV nuclear FF 


Mean + SD 


0.057 0.664 
0.010 0.147 


0.027 0.502 
0.004 0.203 


18.8 + 3.8 
0.082 0.836 + 0.041 
0.019 0.105 + 0.024 

12.8 + 3.4 


ee ee eee 





*RL indicates reactive lymphocytosis; CB, cord blood; SS, Sézary syndrome; B-CLL, chronic lymphocytic leukemia of B-cell type; CV, coefficient of variation; and FF, 


form factor. 


Table 2.—Statistical Comparison of Mean Ultrastructural Morphometric Nuclear Parameters 
Between Nonneoplastic and Neoplastic Lymphocyte Groups * 


Parameter 


Nuclear 
perimeter, um 


SD nuclear 
perimeter, um 


CV nuclear 
perimeter 
Nuclear area, 

um? 
SD nuclear 


area, um? <.O1T 


CV nuclear 


area ; < OTT 
<.001ł 


Nuclear FF 
SD nuclear 


FE <.001t 


CV nuclear 


FF <.001t 


RL (C) vs RL (A) 
Ss vs SS 


<.001T 


<.001ł 


<.05t >.5 


<.02T >.4 


<.02T <.001T art. 
<.01T <.001T <.001T 


<.001T <.001T <.001t 


<.001T <.001ł <.001ł 


N vs RL (A) vs 
B-CLL B-CLL 


<.001T 
<.01T > .05 
<.05tT >.5 


>.5 >.4 
<.001T <.001f 


<.001T 


<.001T 





<.001T <.001T 


*N indicates normal; RL (A), reactive lymphocytosis (adults); SS, Sézary syndrome; CB, cord blood; RL (C), reactive lymphocytosis (children); B-CLL, chronic lym- 
phocytic leukemia of B-cell type; CV, coefficient of variation; and FF, form factor. Data are given as P values throughout. 


tStatistically significant. 


3C) with Figs 1H, 2F, and 2G, and a 
granular lymphoeyte from an expanded 
population of NK-like cells (Fig 31) with 
Figs 1I and 2I. 

The patients with viral-induced lym- 
phocytosis revealed a greater number 
of lymphocytic nuelei that had lobated 
nuclei (Figs 2E, 2F, and 2G), stalked 
nuclear lobes (“dramsticks” or nucleo- 
tesimals), and fingerlike projections 
(Fig 2H) compared with that in normal 
subjects. An assessment of the propor- 
tion of nuclei with irregular profiles in 
different populations of nonleukemic 
subjects is most subjective. Morpho- 
metric methods were, therefore, uti- 
lized to provide an objective database 
for use in the diagnosis of leukemias, 
with an emphasis on SS. 
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Ultrastructural Morphometric 
Findings 


Computerized Planimetrie Meth- 
ods Define Distinct Lymphoid Popu- 
lations. — The individual nuclear perim- 
eter (P), area (A) and FF values for the 
87 nonleukemic and leukemic cases used 
were determined. The nonleukemic 
cases consisted of 20normal subjects (10 
female and 10 male), 15 neonates, 10 
children with viral-induced lymphocy- 
tosis, and 5 adults with infectious mono- 
nucleosis. The leukemic cases consisted 
of 8 patients with SS, 10 patients with 
B-cell CLL, 15 patients with a variety of 
lymphocytic leukemias, some of which 
can be confused with SS (eg, T-cell CLL 
and LPL), and 4 patients with NK LPD. 


Mean group values (Table 1) were 
then determined to compare statistical- 
ly the patients who had SS with other 
groups with which they could be con- 
fused morphologically (Table 2). It was 
determined that patients with SS could 
be distinguished from normal subjects 
and adults with RL, on the basis of eight 
and six distinct morphometric nuclear 
features and mathematically derived 
parameters, respectively (Table 2). 
From a biologic standpoint, the lympho- 
cytes from patients with SS could also 
be distinguished from cord blood lym- 
phocytes (Table 2), which normally 
have more irregular nuclear profiles 
than adult lymphocytes. 

From a subjective standpoint, adults 
with infectious mononucleosis had a 


Sézary Syndrome— Payne & Glasser 


30 
25 
E€ 
3 
g 
zt 20 T-Cell CLL 
w © 
® 
oO 
3S 
Zz 
E 15 
® 
= 
10 


0.4 0.5 





0.6 0.7 0.8 0.9 


Mean Nuclear FF (4 7A/P’) 
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and P, perimeter. 


greater number of lymphocytes with ir- 
regular nuclear contours compared with 
that in normal subjects. From an objec- 
tive morphometric and statistical stand- 
point, these two populations of lympho- 
cytes could indeed be distinguished on 
the basis of the mean nuclear perimeter 
(P), mean nuclear FF, and mean SD of 
the nuclear FF (Table 2). The reactive 
lymphocytes had a greater nuclear pe- 
rimeter (P), a greater irregularity of 
nuclear profile, and a less inherent vari- 
ability in nuclear shape than lympho- 
cytes from normal subjects, indicating, 
perhaps, an expansion of distinct lym- 
phocyte subpopulations in response to 
specific viral infections in reactive 
lymphocytes. 

Multiparameter Analysis and the 
Establishment of Distinct Morpho- 
metric Domains. — It can be seen from 
the large number of statistically signifi- 
cant differences shown in Table 2 that 
leukemic populations may be more easi- 
ly compared and visualized in a bivari- 
ate graphic display by using the combi- 
nation of two different discriminatory 
nuclear parameters, ie, size and shape 
(Fig 4). Distinct morphometric domains 
are represented by polygons that define 
the morphometric boundaries of each 
group of leukemic patients and non-leu- 
kemic control subjects. The group with 
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SS is far removed from the B-cell CLL 
group and closer to the normal subjects, 
but with no overlap. Since the eight pa- 
tients with SS selected for this study 
had unequivocal circulating Sézary 
cells, as judged by an experienced he- 
matopathologist (L.G.), it is possible 
that an overlap may exist between the 
morphometric domains of normal sub- 
jects and patients with SS who are less 
leukemic at initial presentation. A small 
amount of overlap is present between 
the group with SS and the patients with 
RL. The morphometric domain of the 
patients with SS is, however, far re- 
moved from the patients with LPL, 
with which it can be confused, morpho- 
logically. The patients with T-cell CLL 
and Japanese T-cell leukemia have larg- 
er nuclei than patients with SS and lie 
just outside the morphometric domain 
of the latter. More cases are needed, 
however, to assess the significance of 
this finding. 

The patients with an NK LPD occupy 
a morphometric domain distinct from 
that of normal subjects and far removed 
from patients with chronic leukemias of 
T-cell origin, such as SS, T-cell CLL, 
and Japanese T-cell leukemia (Fig 4). 
Patients with acute lymphocytic leuke- 
mia, which can be easily distinguished 
from chronic neoplastic LPDs, were in- 


cluded for biologic interest only, and can 
be seen also to occupy a distinct morpho- 
metric domain by using bivariate graph- 
ic display techniques (Fig 4). 

Evaluation of Sharply Angled NIs 
Using the Histogram Method.—The 
FF is sensitive to any deviation from a 
circle. Ellipses with smooth contours 
and nuclei with sharply angled NIs may 
have similar FF values. All cases were 
therefore evaluated by using a simple 
histogram technique tha: quantitates 
sharply angled NIs, and this technique 
was previously reported by our labora- 
tory to be most helpfu! in distinguishing 
cases of MF from reactive lymphoid in- 
filtrates of skin.”” Figure 5 compares 
the mean histogram values +2 SDs 
from normal subjects with other se- 
lected lymphoid populations. Figure 6 
compares the range of histogram values 
from patients with SS with the values in 
the same selected lymphoid populations 
shown in Fig 5. 

Although mean FF values served to 
distinguish patients with viral-induced 
lymphocytosis from normal subjects, 
the two groups were virtually indistin- 
guishable by using the histogram meth- 
od (Fig 5, top left). This indicates that 
although the reactive lymphocytes had 
a greater proportion of lobated nuclei 
(Figs 2E, 2F, and 2G) compared with 
that in normal subjects, the nuclear pro- 
files did not have an unusually high 
number of sharply angled NIs that are 
commonly seen in malignant Sézary nu- 
clei. The patients with SS, therefore, 
displayed a characteristic histogram 
pattern that served te distinguish the 
nuclei of these neoplastic cells from 
those of normal subjects (Fig 5, bottom 
left; Fig 6, top left), patients with RL 
(Fig 6, top right), NK LPDs (Fig 6, 
center left), B-cell CLL (Fig 6, center 
right), and LPL (Fig 6, bottom left), 
The histogram patternof the two chron- 
ic T-cell leukemias (T-cell CLL and Jap- 
anese T-cell leukemia) overlapped, 
however, with that of the patients with 
SS. 


COMMENT 


The nucleus, in particular, has re- 
ceived much attention from morphome- 
trists”” because of the well-known rela- 
tionship of nuclear structure to tumor 
aggressiveness,” the state of cell differ- 
entiation, *®®® and the stage of the 
cell cycle.” In the present study, ultra- 
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Fig 5 —Comparison of histogram values (percentage of lymphocytes having 0 to 12 sharply angled nuclear invaginations 
(NIs) from normal subjects with selected leukemic and nonleukemic lymphoid populations of cells. Sharply angled Nis are 
defined in the “Patients and Methods” section. The shaded area in each panel represents the normal range of values that 
was obtained by calculating the mean percentage of nuclei having 0 to 12 sharply angled Nis + 2 SDs. The actual range of 
values for each of the other clinical groups is then compared with the normal range in each of the panels. Range boundaries 
are not drawn for the group with chronic T-cell leukemia for statistical reasons, as there were only two cases available for 
evaluation. RL indicates reactive lymphocytosis; LPL, leukemic phase of lymphoma; NK LPDs, natural killer cell lymphopro- 
liferative disorders; CLL, chronic lymphocytic leukemia; and SS, Sézary syndrome. 


structural morphometric techniques 
were applied to the nuelei of circulating 
lymphoid cells “rom normal subjects, 
patients with RL, and patients with dif- 
ferent types of chronic lymphoid leuke- 
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mias, to provide a database for examin- 
ing patients with SS. At the light 
microscopic level, the appearance of the 
chronic lymphoid leukemias that consist 
of small to medium cells with abundant 


heterochromatin can present certain di- 
agnostic difficulties,” and multipara- 
meter approaches are recommended.” 
These chronic LPDs and allied disor- 
ders include SS, B-cell CLL, T-cell 
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Fig 6.—Comparison of histogram values (percentage of lymphocytes having 0 to 12 sharply angled nuclear invaginations 
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LPL, leukemic phase of lymphoma. 


CLL, leukemic phase of well-differenti- 
ated lymphocytic lymphoma, hairy-cell 
leukemia, adult T-cell leukemia (Japa- 
nese or knobby variant), NK LPDs [Ty- 
LPD, LGL (large granular lymphocyte) 
T-cell CLL], and plasma cell leukemia. 
The morphological difficulties are com- 
pounded by the fact that the neoplastic 
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cells from patients with SS can have 
tartrate-resistant acid phosphatase ac- 
tivity,” a characteristic of the hairy cells 
from patients with hairy-cell leukemia.” 
In addition, the leukemic cells from pa- 
tients with adult T-cell leukemia can 
form Pautrier’s microabscesses within 
the epidermis,” thereby mimicking 


MF. 

It has been reported in the literature 
that transmission electron microscopy 
is the method of choice for document- 
ing? and quantitating™™™ the distinc- 
tive convolutions that characterize the 
Sézary cell.” Unfortunately, cerebri- 
form” or Sézary-like” cells are in- 
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creased in number in the peripheral cir- 
culation of patients who have rheumatic 
disease,” sepsis,” and viral-induced 
lymphocytosis (present study). Statisti- 
cal analyses of populations of cells are, 
however, more revealing about the neo- 
plastic vs reactive nature of the cells. In 
the present study, it was determined 
that ultrastructural morphometric 
techniques, when applied to populations 
of mature-appearing lymphoid cells, re- 
vealed the underlying “geometric mon- 
oclonality”~ of the malignant cell prolif- 
erations. It was determined that 
patients with SS could be distinguished 
from normal subjects and patients with 
RL and other types of lymphoid leuke- 
mias by using means, SDs, and CVs of 
distinct nuclear features. Obviously, if a 
patient’s mean value falls within an 
overlap zone between groups or within 2 
SDs of the “outlier” points of a given 
morphometric domain, a definitive di- 
agnosis would not be possible on an indi- 
vidual basis, by using the two variables 
being considered. 

From a practical standpoint, the sim- 
ple histogram method” that quanti- 
tates the number of sharply angled NIs 
is the method of choice over computer- 
ized planimetric techniques for the eval- 
uation of blood specimens from patients 
whose conditions were previously diag- 
nosed as MF. In everyday practice, we 
routinely use the histogram method to 
diagnose patients with suspected SS. 
We have found this scoring method to be 
more sensitive than mean FF values 
determined from computerized planim- 
etry and more sensitive than light mi- 
croscopy (C.M.P, L.G., and T. M. Gro- 
gan, MD, unpublished data, 1990). The 
reason for this is a reflection of the fact 
that FF does not discriminate between 
an ellipse with a smooth contour and a 
convoluted cell with a rough contour if 
the area and perimeter values are iden- 
tical between the two images,” whereas 
the human eye does. The diagnostically 
useful histogram method is somewhat 
analogous, although not identical, to the 
diagnostically useful nuclear lobe count 
in neutrophils. By using the more te- 
dious bivariate graphic display tech- 
nique, the morphometric domains of the 
group with RL and the group with SS 
overlapped slightly, whereas the histo- 
gram patterns were most distinct. The 
histogram technique was previously 
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used to distinguish patients with MF 
from those with chronic dermatitis.” 
In fact, the histogram technique was 
later confirmed by Willemze et al” to 
produce no false positives in their series 
of cases. 

It has recently been suggested that 
multiple descriptors be extracted from 
the nucleus to have a practical applica- 
tion in anatomic pathology.” The pres- 
ent study, by using bivariate displays of 
nuclear size and shape measurements as 
x,y coordinates, points out the value of 
such a multiparameter approach. Seven 
populations of reactive and malignant 
lymphoid cells were shown to occupy 
distinct morphometric domains. It is 
noteworthy that the morphometric do- 
main of the patients with LPL were 
clearly graphically separated from 
those of the reactive and SS groups, in 
keeping with the larger nuclear size pre- 
viously reported by other investigators 
for LPL.” In addition, the two cases of 
T-cell CLL and Japanese T-cell leuke- 
mia that were indistinguishable from 
patients with SS by using the histogram 
method fell outside the morphometric 
domain of patients with SS on the basis 
of nuclear size alone. Computerized 
morphometric techniques may, there- 
fore, be of greater value when the range 
of possible diagnoses is large. Previous 
studies from our laboratory, on other 
types of neoplasms, point out the biolog- 
ic*™ and diagnostic***” relevance to 
multiparameter analysis. Interesting 
cell organelle morphometric relation- 
ships are sure to emerge among the leu- 
kemias, as they have for the solid tu- 
mors.” 

The future applications of ultrastruc- 
tural morphometry to diagnosis and 
prognosis, coupled with quantitative 
correlations of nuclear features with in- 
dicators of biologic aggressiveness, 
such as proliferation antigens and ploi- 
dy analysis, should be most rewarding. 

The authors wish to thank Virginia Borduin, Ali- 
son Kim, Douglas Cremey, MS, Charles Bjore, Jr, 
MBA, and Thomas Palmer for their excellent tech- 


nical assistance, and Carole Meyer for superb typ- 
ing of the manuscript. 
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Papillary Cystadenoma of the Epididymis 


A Report of Three Cases With Lectin Histochemistry 


Peter J. Kragel, MD; Joseph Pestaner; William D. Travis, MD; W. Marston Linehan, MD; Michele R. Filling-Katz, MD 


è Papillary cystadenoma of the 
epididymis is an uncommon benign 
tumor associated with von Hippel- 
Lindau disease. Since metastatic re- 
nal cell carcinoma may be histologi- 
cally similar to papillary cystad- 
enoma, and both are associated with 
von Hippel-Lindau disease, differen- 
tiation between these two entities 
may be difficult. We performed lectin 
histochemistry studies on three pap- 
illary cystadenomas and compared 
the results with the staining observed 
in epididymal! ducts, epididymal ef- 
ferent ductules, and three renal cell 
carcinomas. Common positive stain- 
ing was observed following incuba- 
tion with soybean agglutinin in epi- 
didymal ducts and two of the three 
papillary cystadenomas, while the 
three renal cell carcinomas did not 
stain. When epididymal tumors histo- 
logically consistent with papillary 
cystadenoma fail to react with soy- 
bean agglutinin, thorough clinical 
evaluation for an occult renal cell car- 
cinoma should be performed. 

(Arch Pathol Lab Med. 1990;114: 
672-675) 


P apillary cystadenoma of the epidid- 
ymis is an uncommon benign tumor 
considered to be a hamartoma rather 
than a true neoplasm, which is often 
associated with von Hippel-Lindau dis- 
ease.’ Histogenesis from epididymal 
ducts has been suggested,’ but it is 
disputed by some authors.*" In patients 
with von Hippel-Lindau disease, differ- 
entiation of papillary cystadenoma from 
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metastatic renal cell carcinoma may 
present a diagnostic challenge, since the 
incidence of both is increased in von 
Hippel-Lindau disease, and the histo- 
logic features of both may be similar. 
We performed histochemical stains 
with a panel of lectins on three cases of 
papillary cystadenoma and three cases 
of renal cell carcinoma. Our results sup- 
port origin of papillary cystadenoma 
from epididymal ducts and show differ- 
ent patterns of lectin staining for papil- 
lary cystadenoma and renal cell carci- 
noma (Table). 


REPORT OF CASES 


CASE 1.—A 65-year-old man with stage IV 
nodular mixed cell lymphoma and transition- 
al cell carcinoma of the urinary bladder pre- 
sented with increasing nausea and vomiting 
and hepatic and renal failure. His lymphoma 
was diagnosed at age 55 years. He was 
treated with CHOP (a drug regimen consist- 
ing of cyclophosphamide, doxorubizin, pred- 
nisone, and vincristine sulfate) and C-MOPP 
(a drug regimen consisting of cytoxan, mech- 
lorethamine hydrochloride, vincristine, pro- 
carbazine hydrochloride, and prednisone) 
and achieved complete remission He was 
further treated with low-dose radiation ther- 


apy; he received 24 Gy to the mantle zone, 
22.4 Gy to the upper abdomen, and 6 Gy to 
the pelvis. His lymphoma recurred at age 62, 
at which time he presented with hematuria, 
scrotal edema, and inguinal adenopathy. Re- 
sults of a bone marrow biopsy were positive 
for lymphoma. Follow-up cystoscopy and re- 
sults of biopsy at age 63 showed a grade 2 
papillary transitional cell carcinoma without 
invasion. A liver biopsy specimen obtained 
during this hospital admission showed meta- 
static carcinoma. The patient died following a 
hypotensive episode; permission for autopsy 
was obtained. An incidental finding at autop- 
Sy was a 1,0-cm mass in the head of the 
epididymis. 

CASE 2.— A 25-year-old man with von Hip- 
pel-Lindau disease was admitted to the hos- 
pital for evaluation of a pheochromocytoma 
with complaints of increased sweating, fati- 
gability, and constipation. He was first diag- 
nosed as having von Hippel-Lindau disease 
at age 11 years when the disease manifested 
itself with retinal angiomatosis that lead to 
blindness in both eyes by the time he was 22 
years old. The patient had a cerebellar he- 
mangioblastoma resected at age 20 years. 

Abdominal ultrasound examination 
showed a 2.5-em right adrenal mass and a 
cystic mass in the head of the pancreas. Tes- 
ticular ultrasound examination demon- 
strated a cystic mass in the right side of the 


Lectin Staining of Papillary Cystadenoma, Renal Cell Carcinoma, Epididymal Ducts, and 


Epididymal Efferent Ductules * 





Lectins 


LLL 


WGA RCA DBA 


UEA I ConA SBA PNA 


* PCE indicates papillary cystadenoma of the epididymis; RCC, renal cell carcinoma; EP DUC, epididymal 
ducts; EFF DU, epididymal efferent ductules; triple plus sign, strong positive staining; double plus sign, moder- 
ate positive staining; plus sign, weak positive staining; wf, weak focal positive staining; minus sign, no positive 
staining; WGA, wheat germ agglutinin; PNA, peanut agglutinin; SBA, soybean agglutinin; ConA, concanavalin 
A; DBA, Dolichos biflorus agglutinin; UEA |, Ulex europaeus agglutinin |; and RCA, Ricinus communis agglutinin. 
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epididymis. Laboratory evaluation showed 
the following values: plasma norepinephrine, 
7.45 pmol/L; and plasma epinephrine, 284 
pmol/L. Physical examination was remark- 
able for a blood pressure of 164/110 mm Hg, a 
pulse rate of 116 beats per minute, and a 
grade 2/6 systolic ejection murmur at the left 
sternal border and apex. Right adrenalecto- 
my, with subsequent pathologic specimens 
showing a 2.0-cm pheochromocytoma, and 
right testicular surgical exploration were 
performed. 

CASE 3.—A 60-year-old man with von Hip- 
pel-Lindau disease, the father of patient 2, 
was noted on physical examination to have a 
cystic mass in the left part of the scrotum. 
Ultrasonography disclosed a cystic mass in 
the left side of the epididymis and a nonhomo- 
geneous area within the testis that was suspi- 
cious for a malignant neoplasm. He was first 





Fig 1.—Macroscopically, the orchiectomy 
specimen from case 3 shows a well-circum- 
scribed, 2.0-cm yellow to tan epididymal 
mass (arrow) with both solid and cystic areas. 


diagnosed as having von Hippel-Lindau dis- 
ease at 34 years when craniotomy for a poste- 
rior fossa hemangioblastoma was performed. 
A pancreatic islet cell tumor was resected at 
age 53 years. 

Findings from physical examination were 
remarkable for a 3.0-cm spherical cyst in the 
left epididymal area. Findings from laborato- 
ry evaluation were noncontributory. Left in- 
guinal surgical exploration followed by left 
orchiectomy were performed. 


MATERIALS AND METHODS 


Tissues were fixed in 10% formaldehyde 
solution, processed routinely, and embedded 
in paraffin. Microtomy sections of the three 
cases of papillary cystadenoma of the epidid- 
ymis and three cases of renal cell carcinoma 
from the files of the Laboratory of Pathology, 
the National Cancer Institute (Bethesda, 
Md), were stained with hematoxylin-eosin, 
periodic acid—Schiff (PAS) with and without 
diastase digestion, and alcian blue histo- 
chemical stains. Additional sections were de- 
paraffinized in xylene and rehydrated. En- 
dogenous peroxidase activity was blocked 
with 2% hydrogen peroxide for 5 minutes. 
The slides were next flooded with undiluted 
non-immune horse serum samples for 10 
minutes, then rinsed in TRIS buffer for 10 
minutes. Biotinylated wheat germ aggluti- 
nin, peanut agglutinin, soybean agglutinin, 
eoneanavalin A, Dolichos biflorus aggluti- 
nin, and Ulex ewropaeus agglutinin I (Vector 
Laboratories, Burlingame, Calif) were re- 
constituted in 0.5 mL of distilled water. Rici- 
nus communis agglutinin I (Vector) was pro- 
vided in solution according to product 


specifications. All lectins were diluted 1:100 
with TRIS buffer; tissue sections were 
flooded with a biotinylated lectin and incu- 
bated for 30 minutes. Negative controls were 
prepared by incubating with TRIS buffer 
rather than the biotinylated lectin. Slides 
were then washed three times in TRIS buffer 
and incubated with avidin-biotin complex 
peroxidase (Vector) for 60 minutes. Sections 
were next washed in TRIS buffer for 10 min- 
utes and incubated with diaminobenzidine in 
0.01% hydrogen peroxide for 10 minutes. 
Sections were washed in tap water for 5 min- 
utes, counterstained with hematoxylin, de- 
hydrated, and coverslipped. 


RESULTS 
Macroscopic and Histologic Findings 


Macroscopically, the papillary cyst- 
adenomas were yellow to tan, well cir- 
cumscribed, and composed of solid ar- 
eas (case 1) or both solid and cystic areas 
(cases 2 and 3 [Fig 1]). On pathologic 
gross examination, the lesions mea- 
sured 2.0 em (case 3), 1.0 cm (ease 1), 
and 0.7 cm (case 2) in greatest dimen- 
sion. 

Microscopically, the tumors were 
composed of tubular and papillary ar- 
rangements of monomorphic cuboidal 
and columnar cells with optically clear 
cytoplasm and distinct cell borders. 
Some cyst spaces were filled with a col- 
loidlike material. A dense fibrous stro- 
ma was also present (Fig 2). The cell 
cytoplasm contained coarse granular 


Fig 2.—Microscopically, both papillary (left) and tubular arrangements (right) of monomorphic cells with clear cytoplasm 
and colloidlike material in cyst spaces (left, arrows) are present (left, case 3, hematoxylin-eosin, x 100; right, case 1, 


hematoxylin-eosin, x 100). 
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Fig 3.— Following incubation with biotinylated soybean agglutinin, positive staining is seen in two papillary cystadenomas 
(left, case 2; center, case 1) but not in renal cell carcinoma (right) (avidin-biotin complex—peroxidase with hematoxylin 
counterstain, x 250). 


Fig 4. — Following incubation with biotinylated soybean agglutinin, positive staining is seen in epididymal ducts (left) but not 
in epididymal efferent ductules (right) (avidin-biotin complex—peroxidase with hematoxylin counterstain, x 100). 
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PAS-positive, diastase-sensitive mate- 
rial. Alcian blue stains showed focal, 
weak cytoplasmic positivity only in case 
1. The colloidlike material in cyst spaces 
was PAS positive, diastase resistant. 
Epididymal ducts and efferent ductules 
were present adjacent to the papillary 
cystadenomas in cases 1 and 3. 


Lectin Histochemical Findings 


Lectin staining results are summa- 
rized in the Table. Wheat germ aggluti- 
nin, Ricinus communis agglutinin I, 
concanavalin A, and peanut agglutinin 
reacted with both papillary cystadeno- 
mas and renal cell carcinomas. Staining 
was present along the cell membranes 
and tubular lumina in papillary cyst- 
adenoma and along cell membranes in 
renal cell carcinoma. Epididymal ducts 
and efferent ductules also showed posi- 
tive staining following incubation with 
these lectins. Dolichos biflorus aggluti- 
nin reacted with one case of papillary 
cystadenoma and one case of renal cell 
carcinoma. Staining was weak and fo- 
cal. Dolichos biflorus agglutinin react- 
ed with efferent ductules but not epidid- 
ymal ducts. Ulex europaeus agglutinin 
did not react with either papillary cyst- 
adenomas or renal cell carcinomas. Ulex 
europaeus agglutinin did react with en- 
dothelial cells and efferent ductules but 
not with epididymal ducts. Soybean ag- 
glutinin reacted with two cases of papil- 
lary cystadenoma. Staining was ob- 
served along cell membranes and 
tubular lumina (Fig 3). Soybean aggluti- 
nin also reacted with epididymal ducts 
but not with efferent ductules (Fig 4). 
No cases of renal cell carcinoma reacted 
with soybean agglutinin. 


COMMENT 


The origin of epididymal papillary 
cystadenoma is still the subject of de- 
bate. Various authors have proposed 
epididymal ducts," efferent ductules,™ 
müllerian remnants,”® mesonephric 
rests,** or spermatoceles™” as probable 
sites of origin. An ultrastructural study 
demonstrating irregular microvilli is 
consistent with epididymal duct origin.’ 
To our knowledge, lectin histochemical 
findings have not been reported prior to 
this study. 

We performed lectin histochemical 
staining of three cases of papillary cyst- 
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adenoma and compared the results with 
the staining observed in epididymal 
ducts, efferent ductules, and three 
cases of renal cell carcinoma. Significant 
differences in the positivity of these tis- 
sues were noted following incubation 
with soybean agglutinin, D biflorus ag- 
glutinin, and U ewropaeus agglutinin I; 
in particular, two of three papillary 
cystadenomas stained with soybean ag- 
glutinin while no renal cell carcinomas 
stained. The epididymal ducts were also 
positive following incubation with soy- 
bean agglutinin, while the efferent 
ductules were negative. Dolichos bi- 


florus agglutinin and U ewropaeus ag- 


glutinin I stained efferent ductules but 
neither the epididymal ducts nor the 
papillary cystadenomas. 

These lectin staining patterns demon- 
strate similarities in cell surface glyco- 
proteins between papillary cystadeno- 
mas and epididymal ducts, suggesting 
common differentiation and probable 
origin of papillary cystadenoma from 
epididymal duct epithelium. Soybean 
agglutinin has been shown to preferen- 
tially react with N-acetylgalactosamine 
and a-galactosamine.” Positive staining 
following incubation with soybean ag- 
glutinin indicates the presence of these 
carbohydrates on the cell surface, per- 
haps as a component of an integral mem- 
brane proteoglycan. 

Of the 2% to 4% of patients with renal 
cell carcinoma who have a solitary me- 
tastasis, approximately 4% will have a 
metastasis to the epididymis.” In these 
patients, differentiation of metastatic 
renal cell carcinoma from papillary 
cystadenoma may be clinically and his- 
tologically difficult. The histologic fea- 
tures of papillary cystadenoma, as char- 
acterized by the presence of tubules 
lined by cuboidal clear cells, protein- 
aceous material in cyst spaces, and pap- 
illary structures are distinctive; how- 
ever, metastatic renal cell carcinoma 
as well as other metastatic papillary 
carcinomas may be histologically 
indistinguishable. ” 

Von Hippel-Lindau disease occurs in 
association with renal cell carcinoma in 
approximately 25% of patients,” and 
papillary cystadenoma of the epididy- 
mis has been reported to occur in associ- 
ation with von Hippel-Lindau disease in 
38% of patients.” These associations 
serve to further complicate the differen- 
tial diagnosis of epididymal papillary 


cystadenoma. Lectin histochemical 
staining may provide a means to differ- 
entiate epididymal papillary cystaden- 
oma from renal cell carcinoma. In par- 
ticular, soybean agglutinin staining was 
observed in papillary cystadenoma in 
two of three cases and was not observed 
in renal cell carcinoma. 

In conclusion, the term “epididymal 
duct hamartoma” is recommended for 
these tumors. Their common associa- 
tion with von Hippel-Lindau disease 
and benign clinical behavior suggests 
that these tumors are hamartomas. 
Lectin histochemical stains show com- 
mon differentiation of both papillary 
cystadenoma cells and epididymal duct 
cells. When epididyma! tumors histo- 
logically consistent with epididymal 
duct hamartoma fail to react with soy- 
bean agglutinin, particularly in the set- 
ting of von Hippel-Lindau disease, thor- 
ough clinical evaluation to exclude an 
occult renal cell carcinoma should be 
performed. 
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e We present, to our knowledge, 
the first extensively studied case of 
lymphoid L2 blast crisis of chronic 
myelogenous leukemia with a hand 
mirror cell (HMC) variant. Special 
stains revealed the leukemic cells to 
be terminal deoxynucleotidyl trans- 
ferase positive by immunofluores- 
cence and cytochemically positive 
for a-naphthyl acetate esterase and 
acid phosphatase (diffuse granular). 
Immunophenotyping identified the 
major leukemic cell population as B- 
cells that expressed CD10", CD19', 
and HLA-DR’. It was not possible to 
separate the HMC and the non—HMC 
leukemic population by gating vari- 
ous cell populations, dual staining, 
cytochemistry, or by terminal deox- 


and mirror eells (HMC) have been 
associated with normal hemato- 
poietic elements,’ acute leukemias,” 
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ynucleotidy! transferase. Gene rear- 
rangements were observed in both Ig 
heavy-chain alleles and one T-cell 
antigen receptor y-subunit allele. The 
rearrangements occupied al of the 
cells, indicating that the HMC and 
non-HMC were of a common clonal 
origin. The patient had a mosaic 
karyotype, with 90% of the cells hav- 
ing t(9;22), t(8;14), and t(9;15) translo- 
cations, an additional chromosome 
8, and deleted chromosomes 9 and 
15. Antibodies to simian sarco- 
ma-—associated virus and baboon en- 
dogenous virus were isolated in the 
patient’s peripheral blood plasma. 

(Arch Pathol Lab Med.1990;114: 
676-678) 


Burkitt’s lymphoma,’ and the recovery 
phase of infectious mononucleosis.’ One 
case has been described of the:r occur- 
rence in a lymphecytic blast crisis of a 
chronic myelogenous leukemia. but de- 
tailed analysis was not performed.* We 
present the first case, to our knowledge, 
with an extensive workup of the lym- 
phoid blast crisis, HMC variant, in 
chronic myelogenous leukemia. 


REPORT OF A CASE 


A 60-year-old Indian man was admitted to 
Loyola University Medical Center (May- 
wood, Ill) in February 1988, with a 4-day 
history of gingival bleeding, and a 3-week 
period of progressive weakness, weight loss 
of 13.5 kg, and night sweats without chills or 
fever. Chronic myelogenous leukemia had 
been diagnosed 1 year before the develop- 
ment of these symptoms and he had been 
treated with hydroxyurea. 

On admission, he had a blood pressure of 
118/80 mm Hg, heart rate of 96 beats per 
minute, temperature of 38.2°C, and a respi- 
ratory rate of 20 per minute. Physical exami- 
nation revealed a palpable spleen tip, mild 
left facial droop with decreased pinprick sen- 
sation over the left cheek and left eyelid, and 
gingival bleeding. Results of laboratory 
studies on admission revealed the following: 
white blood cell count, 89 x 10°/L, with 91% 
blast cells; hemoglobin, 137 g/L; and platelet 
count, 25 x 10°/L. 

A bone marrow aspiration and biopsy con- 
firmed a lymphoid blast crisis with an HMC 
component of 32% and blast cells, 62% 
(Figure). 

He was treated by leukapheresis, and then 
a 9-day course of cytarabine (cytosine arabi- 
noside) at 2 g/m” and amsacrine (AMSA) at 
100 mg/m” was begun. He went into remis- 
sion within 1 month and did well until he had 
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Bone marrow aspirate showing hand mirror cells (original magnification x 1000). 


a relapse in October 1988, with 70% blast 
cells and 38% HMC. 

He was treated with vincristine, predni- 
sone, and L-asparaginase, and a second re- 
mission was induced. 


METHODS 
Peripheral Blood and Bone Marrow 


Studies were performed at diagnosis, re- 
mission, and relapse. Peripheral blood 
smears and bone marrow aspirate smears 
were stained with May-Griinwald/Giemsa, 
and the bone marrow biopsy specimen and 
clot were fixed in B-5 and examined by rou- 
tine hematoxylin-eosin preparations. 


Cytochemistry and Terminal 
Deoxynucleotidy! Transferase (TdT) 


Cell suspensions from bone marrow were 
studied by cytochemical methods. The en- 
zymes investigated were acid phosphatase, 
= œ-naphthyl acetate esterase, a-naphthyl 
butyrate esterase, chloroacetate esterase, 
periodic acid-Schiff reaction, Sudan black B, 
and myeloperoxidase.” Terminal deoxynu- 
cleotidyl transferase testing was performed 
by indirect immunofluorescence. ” 


Immunophenotyping 


Surface marker analyses at diagnosis and 
relapse were performed using Ficoll-Hypa- 
que separated blood and bone marrow cells. 
These cells were stained by direct or indirect 
techniques, using monoclonal antibodies di- 
rected to T-cells (CD5, CD8, CD3, and CD7, 
Becton Dickinson Immunocytometry Sys- 
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tems, Mountain View, Calif); B-cells (CD19, 
Coulter Immunology, Hialeah, Fla); kappa 
and lambda immunoglobulin light chains; 
IgM, IgD, IgG, and IgA heavy chains (Kal- 
lestad Laboratories Inc, Austin, Tex); my- 
eloid cells (CD12, CD33, CD11, CD14, and 
My8, Coulter Immunology); CD10 (Coulter 
Immunology); and TdT antibodies (Molecu- 
lar Genetic Resources, Tampa, Fla) were 
also used. 

The cells were analyzed using a flow cyto- 
meter (FACScan, Becton Dickinson). One 
major cell population with light scatter char- 
acteristics of lymphocytes was observed and 
analyzed by one- and two-color fluorescence 
histograms and displayed on a logarithmic 
scale. The results were reported as percent 
of the total gated population. 


Gene Rearrangement 


High-molecular weight DNA was pre- 
pared from mononuclear cells isolated by Fi- 
coll-Hypaque density centrifugation. Meth- 
ods and probes used in Southern blot 
analyses to detect clonal immunoglobulin 
and T-cell antigen receptor gene rearrange- 
ments were performed as previously de- 
scribed.” 


Cytogenetics 


Cytogenetic analysis with trypsin Giem- 
sas banding technique was performed on 
bone marrow in the laboratory of Janet Row- 
ley, MD, University of Chicago (Ill). The 
criteria adopted at the Fourth International 
Workshop on Chromosomes in Leukemia 
were used for evaluation.” 
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Western Blot Analysis 


Western blot analysis was performed on 
the patient’s peripheral blood plasma and 
blast cells at the time of blast crisis according 
to the method previously published.” The 
antibodies studied were those against the 
simian sarcoma-associated virus (SSAV) 
and baboon endogenous virus (BaEV). The 
SSAV and BaEV grown in human cell lines, 
and antibodies made in goat to these viruses 
were obtained from Microbiological Associ- 
ated, National Institutes of Health, Bethes- 
da, Md. Control cells were normal lympho- 
cytes obtained from healthy laboratory 
personnel and separated by Ficoll-Hypaque. 
One control was stimulated with phytohem- 
agglutinin and the other was unstimulated. 


RESULTS 
Morphology 


The bone marrow blast cells demon- 
strated L2 morphology. The HMC con- 
sisted of both blast cells and lympho- 
cytes with more mature nuclei. The 
nucleus occupied the “mirror” portion of 
the cell, whereas the tail or uropod con- 
tained slightly basophilic cytoplasm. 
The bone marrow blast cells and HMC 
were a-naphthyl acetate esterase posi- 
tive, a-naphthy! butyrate esterase neg- 
ative, myeloperoxidase negative, Su- 
dan black B negative, periodic 
acid-Schiff negative, combined ester- 
ase positive for the a-naphthyl acetate 
esterase portion and negative with 
chloroacetic esterase. The lympho- 
blasts and HMC showed a diffuse granu- 
lar positivity on acid phosphatase, 
which was sensitive to tartrate. 


Immunophenoctyping 


Immunophenotyping showed the ma- 
lignant B-cells (82% HMC and 62% blast 
cells, combined) to express antigens 
CD19 (87%), CD10 (89%), HLA-DR 
(94%), and TdT (90%), with no expres- 
sion of cytoplasmic or surface immuno- 
globulin heavy or light chains. Cells 
were specifically tested in two-color flu- 
orescence to determine whether any T- 
cell antibodies reacted with the B-cell 
population. There were two separate 
populations (T-cell [10%] and B-cell 
[90%]) by immunophenotyping, howev- 
er, it was not possible to separate out 
the HMC component as a separate enti- 
ty. The 10% norma! population by flow 
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cytometry was a T-lymphocyte popula- 
tion that expressed 8% CD3+, with 5% 


CD4 and 3% CD8 cells. 
Gene Rearrangement 


The vast majority of mononuclear 
cells in the February 1988 bone marrow 
aspirate appeared to be clonal with both 
of their heavy-chain alleles rearranged. 
The genes for the kappa light chain were 
in germline configuration. The genes for 
the B-subunit were not found to be clon- 
ally rearranged. 

The y-subunit loci exhibited one al- 
lele in germline configuration and the 
other clonally rearranged to the second 
joining region with a concomitant dele- 
tion of the first joining region. No clonal 
rearrangements were deteeted in the 
April 1988 remission peripheral blood 
specimen. On relapse in October 1988, 
the same pattern of clonal rearrange- 
ments, both in type and degree, were 
detected as had been observed in Feb- 
ruary 1988. 


Cytogenetics 


Chromosome studies showed a ran- 
dom loss of chromosomes due to cell 
breakage, and a mosiac karyotype: 
45,XY(5%) / 46,XY,t (9;22) (q34;q11) 
(5%) / 46,XY, =8,-9,-15,t (8:14) (qll; 
q32),t (9:22), + der (9)t (9315) (p13;q11) 
(90%). 


Western Biot Analysis 


Both the BaEV and SSAV p30 anti- 
gens were recognized by the anti-[gM 
antibodies from the patient’s peripheral 
blood plasma. The reaction was strong- 
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ly positive against the SSAV p30 anti- 
gen. The normal controls sometimes 
showed a faint cross-reaction with the 
p30 antigen from SSAV. The surface 
protein gp70 was not recognized by the 
IgM antibody in the SSAV Western 
blot, but was faintly positive for the 
BaEV. The IgM antibody was absent in 
the normal controls. 


COMMENT 


Blast crises in chronic myelegenous 
leukemia are usually of myelocytic, 
monocytic, or combined origin. A small- 
er portion of patients develop a lym- 
phoid blast crisis. There is one brief re- 
port in the literature about the presence 
of HMC in a lymphoid blast crisis in 
chronic myelogenous leukemia that 
identified the blast cells as myeloperoxi- 
dase negative and TdT positive." The 
significance of lymphoid HMC has been 
debated in the past. Hand mirror cells in 
acute lymphoblastic leukemia have 
been identified as early as B-cell lin- 
eage, although cases of early T-cell, B- 
cell, and myeloid lineages have been 
seen. `” 

Dual labeling in our patient identified 
the T-cells and B-cells as two separate 
cell populations, and the HMC were of 
the B-cell lineage. Our patient is unique 
in that he had a single clone of cells with 
both Ig heavy-chain rearrangements 
and a rearrangement at the y-submit 
locus of the T-cell antigen receptor. B- 
cells may have a T-cell antigen receptor 
y rearrangement that has limited signif- 
icance as a marker of clonality and lin- 
eage.“ The relative proportion of clonal- 
ly rearranged to germline material 
observed with probes to both the immu- 
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Mixed Gonadal Dysgenesis 


A Review of 15 Patients Reporting Single Cases of 


Malignant Intratubular Germ Cell Neoplasia of the Testis, 


Endometrial Adenocarcinoma, and a Complex Vascular Anomaly 


Thomas M. Wallace, MD, Howard S. Levin, MD 


e Theclinicopathologic features of 
15 patients with mixed gonadal dys- 
genesis are presented with special 
regard to cardiovascular and neo- 
plastic disease. Seven (47%) cases, 
all phenotypic females, had gonadal 
tumors: gonadoblastoma (5), germin- 
oma (4), malignant intratubular germ 
cell neoplasia (1), and a unique go- 
nadal stromal tumor (1). Gonadoblas- 
toma was found in 4 of 10 testes and 4 
of 17 streak gonads, and associated 
with germinoma in 4 cases. One pa- 
tient developed grade 1 endometrial 
adenocarcinoma after estrogen ther- 
apy. Cardiovascular diseases (ie, bi- 
cuspid aortic valve, and a unique 
right aortic arch with a retroesopha- 
geal arch segment, aberrant left sub- 
clavian artery, coarctation, and dis- 
section) are documented in our 
series. At the time of diagnosis of 
mixed gonadal dysgenesis, removal 
of streak gonads or testes will pre- 
vent further gonadal tumor develop- 
ment. Cardiovascular examination 
may identify treatable and potentially 
lethal disease. 

(Arch Pathol Lab Med. 1990;114: 
679-688) 
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M ixed gonadal dysgenesis (MGD) is 
an intersex abnormality charac- 
terized by asymmetric gonadal develop- 
ment and was first described by Sohval 
in 1963.’ In a 1973 review article, Davi- 
doff and Federman’ considered asym- 
metric gonadal development as a testis 
or gonadal tumor on one side with a 
rudimentary gonad, streak gonad, or no 
gonad on the other. In MGD, as a result 
of decreased gonadal production of miil- 
lerian inhibitory factor by the dysgene- 
tic testis, internal miillerian structures 
are invariably present. The external 
genitalia range from normal female to 
normal male in appearance and often 
have ambiguous features. Phenotypic 
females often have virilization, hirsut- 
ism, and deepening of the voice at pu- 
berty. Stigmata of Turner’s syndrome 
may be found. Most patients have a mo- 
saic chromosome constitution that in- 
cludes an XO cell line and a Y-containing 
cell line. Gonadal tumors arise in ap- 
proximately 25% of gonadal dysgenesis 
patients with a Y chromosome.” These 
tumors include gonadoblastoma, ger- 
minoma, and malignant intratubular 
germ cell neoplasia (MIGCN).’* Patients 
treated with estrogens are at risk for 
endometrial adenocarcinoma.’ 
Cardiovascular abnormalities in 
MGD have not been extensively re- 
ported. Turner’s syndrome has a well- 
known association with aortic co- 


arctation, bicuspid aortic valves, 
hypertrophic obstructive cardiomyopa- 
thy, ventricular septal defects, mitral 
valve prolapse, and dextrocardia.” In 
this review, we emphasize the risk of 
tumor development in MGD, including a 
unique tumor of gonadal stromal origin, 
and describe a unique cardiovascular 
anomaly characterized by a right aortic 
arch with a retroesophageal arch seg- 
ment, an aberrant left subclavian ar- 
tery, aortic coarctation, and aortic 
dissection. 


MATERIALS AND METHODS 


The files of the Medical Records Depart- 
ment and the Pathology Department of the 
Cleveland (Ohio) Clinic Foundation were 
searched for cases of gonadal dysgenesis 
from 1954 to 1989. Only gonadal dysgenesis 
cases with autopsy or surgical pathology ma- 
terial were included. The chart of each case 
was reviewed completely with special regard 
to age, clinical presentation, karyotype, car- 
diovascular status, neoplasms (gonadal or 
extragonadal), and other pertinent clinical 
findings. Cases of Turner’s syndrome or mo- 
saic Turner’s syndrome without a Y chromo- 
some were excluded. 

The surgical pathology slides and reports 
of 15 cases and the autopsy slides and report 
of one case were reviewed. Additional sec- 
tions and histochemical and/or immunohisto- 
chemical stains were ordered when appropri- 
ate. The type of each gonad (ie, streak gonad, 
streak ovary, or testis) was determined by 
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Table 1.—Clinicopathologic Aspects of 15 Patients With Mixed Gonadal Dysgenes 








Signs of 
Case/ Chief Turner’s External 
Age, y/Sext Complaint Syndrome Genitalia 
1/1 y, 6 mo/M L cryptorchidism None R scrotal testis, 
penile chordee 
2/24/M L cryptorchidism, None Hypospadias, penile 
hypespadias chordee, R small 
scrotal testis 
3/6 Genita! Short stature Clitoromegaly 
abnermality 
144/F Hirsutism Male hair pattern, 
small right scrotal 
testis 
4/15/F History of Low hair line, Clitoromegaly 
dysgerminoma short fourth 
amenorrhea metacarpal 
§/15/324/F Amenorrhea, Short stature Sparse pubic hair 
vaginal 
bieedingt 
6/17/F Amenorrhea, None Prepubertal female 
slow growth 
7/8 y, 1 mo/F History of tumor, Short stature, Clitoromegaly 
pain shield chest, 
virilization abnormal carrying 
angle 
8/8/F Growth delay Shield chest, Prepubertal female 
webbed neck, 
short metacarpals, 
nigh palate 
9/1y, 1mo/M L cryptor- None L inguinal gonad, R 
chidism scrotal testis, 
penile chordee 
10/29/M Retrosterna! Short Hypospadias, small R 
chest pain stature, short scrotal testis, male 
metacarpals, hair pattern 
high palate 
11/15/M Ambiguous Multiple nevi Bifid scrotum, hypo- 
genitalia spadias, female hair 
pattern, no testes 
12/9 mo, Ambiguous None Clitoromegaly 
genitalia 
144/F Abnormal sex Vaginal orifice in 
developmentt urogenital sinust 
13/18/F Amenorrhea None Normal female 
14/16/F Amenorrhea None Clitoromegaly 
15/13/F Short stature Short stature Normal female 
amenerrhea 


Millerian 
Structures 


Rudimentary uterus, 
L tube 


Small uterus, L tube 


L hemiuterus, 
vagina ends at 
urogenital sinus, 
L tube 


Small uterus, 
bilateral tubes 


Small uterus, 
bilateral tubes 


Bicornuate uterus, 
bilateral tubes 


Small uterus, 
bilateral tubes 


Small uterus, 
bilateral tubes 


Rudimentary uterus 
(hernia uteri 
inguinale), L tube 


L hemiuterus, L 
tube 


Small uterus, 
bilateral tubes 


Small uterus, 
bilateral tubes 


Normal uterus, 
bilateral tubes 


Small uterus, 
bilateral tubes 


Normal uterus, 
bilateral tubes 


*F indicates female; M, male; R, right; L, left; DES, diethylstilbestrol; and MIGCN, malignant intretubular germ cell neoplasia. 


tSex reared as a child. 

Second presentation. 

§Identified by clinical examination only. 

||Grade 1 endometrial adenocarcinoma with focal squamous differention. 
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Karyotype, 
Tissue/ 
Lymphocytes 


Not done 


Not done/ 
45X0O,46XY 


Not done / 
46XY 


46XY / 46XY 


Not done/ 
45X0, 46XYq— 


Not done / 
46XX,46XY 


45X0,46XY / 
45XO, 46XY 


45X0,46XY / 
45XO,46XY 


Not done / 
45XO,46XY 


Nonviable / 
45X0, 46XY 
46XX 


Not done/ 
45XO,46XY 


45X0,46XY / 
45XO0,46XY 


46XY / 46XY 


Not done / 
45X0O,46XY 


45XO,46XY / 
45X0,46XY 


Wolf 
Struct 

R epididy 
L epid 

L vas 


R epidid) 


R vas 


None 
L vas 


None 


None 


None 


R epididy 
L epidi 


R epididy 


R vas 
R epididyr 

R vas 
R epididyr 


None 


None 


None 
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Gonads 
L/R 


Inguinal streak 
gonad/ scrotal 
testis§ 

Absent/ scrotal 
testis 


Abdominal streak 
gonad/ scrotal 
testis 


Abdominal 


testis /abdominal 


streak gonad 


Abdominal 
streak gonad/ 
absent 


Abdominal 
streak gonad/ 
abdominal 
streak gonad 


Abdominal 
streak gonad/ 
abdominal 
gonad 
unidentifiable 


Abdominal streak 
gonad / 
abdominal 
streak gonad 


Inguinal streak 
gonad/ scrotal 
testis§ 


Abdominal 
streak gonad/ 
scrotal testis 


Abdominal 
streak gonad/ 
abdominal 
testis 


Abdominal 
streak gonad/ 
abdominal 
testis 


Abdominal 
streak gonad/ 
abdominal 
streak gonad 


Abdominal 


testis /abdominal 


testis 


Abdominal 
streak gonad/ 
abdominal 
streak gonad 


Neoplasms 
None 


None 


Testicular 
MIGCN 


L gonado- 
blastoma and 
germinoma 


Endometrial 
carcinoma!|| 


None 


Bilateral 
gonado- 
blastoma and 
germinoma 


R gonadoblas- 
toma 


None 


None 


None 


None 


Bilateral 
gonado- 
blastoma and 
germinoma 


L gonado- 
blastoma / 
R gonado- 
blastoma and 
germinoma 


Unclassified 
stromal tumor 
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Cardiovascular 


Renal 
Abnormality 


None 


Bicuspid 
aortic 
valve 


Anterior 


rotated 


kidney 


None 


Horseshoe 


kidney 


None 


None 


None 


None 


R aortic 


arch, coarctation 


and dissection, 
hypertension 


Horseshoe 
kidney 


Hypertension 


None 


None 


None 


Other 


Brother with 
cryptorchid 
testis 


History of 
schizophrenia 


Prematurity, 
retrolental 
fibroplasia 


History of allergy 


None 


None 


None 


History of hypothyroidism 


None 


?DES exposure 


None 


Obesity 


None 


Cleft lip and palate 


None 





Fig 1.—Case 13. Bivalved right and left streak 
gonads each containing a gonadoblastoma 
with germinoma. 


the criteria presented in the 1982 article by 
Robboy et al.’ 

A single case of MGD with unique cardio- 
vascular anomalies and two cases with tu- 
mors not usually associated with MGD are 
presented separately. 


RESULTS 
Clinical Findings (Table 1) 


The 15 patients ranged in age from 9 
months to 29 years, with an average age 
of 15.8 years. Five of the patients were 
raised as males and 10 as females. The 
presentations varied and included 
eryptorchidism, ambiguous genitalia, 
amenorrhea, hirsutism, deepening 
voice, short stature, and/or a history of 
gonadal tumor. The external genitalia 
of the phenotypic females appeared nor- 
mal in 5 cases; simple clitoromegaly was 
found in the other 5 cases. Either crypt- 
orchidism (5), hypospadias (3), or both 
were present in the phenotypic males. 
Penile chordee was present in 3 cases. 

Eight patients (53%) had stigmata of 
Turners syndrome, which included 
short stature (3), shortened fourth or 
fifth metacarpals (3), low hair line (1), 
shield chest (2), short or webbed neck 
(3), and/or multiple cutaneous nevi (1). 

Renal abnormalities documented in 3 
patients included horseshoe kidney (2) 
and anterior rotated kidney (1). 

Two patients had documented cardio- 
vascular abnormalities: one had a bicus- 
pid aortic valve, the other had a right 
aortic arch with a retroesophageal seg- 
ment, an aberrant left subclavian ar- 
tery, aortic coarctation, and aortic dis- 
section. Hypertension was present in a 
single case. 

Other miscellaneous conditions noted 
in the clinical history or physical exami- 
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Fig 2.—Case 7. Gonadoblastoma characterized by nests of sex cord elements (arrow) andgerm 
cells (arrowhead) with adjacent Leydig cells (L) in a streak gonad (hematoxylin-eosin, x 205). 
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Fig 3.—Case 14. Invasive germinoma (arrow) admixed with a reactive lymphocytic infiltrate in 
an abdominal testis (hematoxylin-eosin, x 205). 


682 Arch Pathe! Lab Med—Vol 114, July 1990 








nation were obesity (1), hypothyroidism 
(1), possible diethylstilbestrol exposure 
in utero (1), cleft lip and palate (1), 
schizophrenia (1), and prematurity with 
development of retrolental fibroplasia 
(1). 


Pathologic Findings (Table 1) 


The gonadal constitution of 7 of the 
patients consisted of a testis and a con- 
tralateral streak gonad. Bilateral 
streak gonads were found in 4 patients, 
while bilateral testes were present in a 
Single case. A testis or a streak gonad 
with contralateral gonadal aplasia was 
found in 2 patients and a streak gonad 
with a contralateral tumor was present 
in a single case. In 9 patients with tes- 
tes, there was a well-formed ipsilateral 
fallopian tube in 5 cases, and/or with a 
well-formed ipsilateral epididymis in 6 
cases. In 2 of these 9 patients, the oppo- 
site streak gonad also was associated 
with an epididymis. All 17 streak go- 
nads were associated with a fallopian 
tube (Table 2). Persistent miillerian 
structures were present in all 15 pa- 
tients and ranged from a normal to an 
infantile to a rudimentary organ (hernia 
uteri inguinale, case 9). Bilateral fallopi- 
an tubes were present in 10 cases. 

Gonadal tumors were found in 7 pa- 
tients, all of whom were raised as fe- 
males. Five patients had gonadoblas- 
toma, of which 3 cases were bilateral 
(Figs 1 and 2). Invasive germinoma 
(Fig 3) was found associated with four 
gonadoblastomas. The fifth gonadoblas- 
toma was not associated with another 
neoplasm. A gonadoblastoma and/or 
germinoma was present in 3 of 10 tes- 
tes, 4 of 17 streak gonads, and in one 
ease without an identifiable gonad. Sin- 
gle cases of MIGCN in a scrotal testis, 
unclassified stromal tumor in a streak 
gonad, and endometrial adenocarcino- 
ma with squamous differentiation were 
identified. 

The gonadal stromal tumor presented 
in a 13-year-old girl with feminizing 
characteristics such as breast buds, and 
axillary and pubic hair. Cut surface re- 
vealed a bright yellow and homoge- 
neous nodule. On hematoxylin-eosin 
section, the tumor was composed of 
plump spindled cells arranged in sheets 
and occasional nests without tubule for- 
mation. The nuclei showed slight atypia 
and contained small nucleoli. Mitoses 
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were prominent (average 11 mitoses 
per 10 high-power fields) (Fig 4). The 
atypia and mitoses were worrisome fea- 
tures in regard to potential malignancy. 
She was alive and well 10 months after 
surgery. This case will be described in 
greater detail after a suitable follow-up 
period to better ascertain the behavior 
of this tumor (T.M.W., Biscotti C.V., 
MD, and Hart W.R., MD, unpublished 
data, March 1990). 

Chromosomal analysis of blood lym- 
phocytes, gonadal tissue, and/or skin fi- 
broblasts was attempted in 14 cases. 
Eleven patients had mosaic karyo- 
types, which included 45, XO/46, XY (9), 
46,XX/46,XY (1), and 45,X0/46,XX/ 
46,XY (1). Three patients had a nonmo- 
saic 46, XY karyotype. Y chromosomes 
were present in all 14 patients who un- 
derwent karyotyping. Six patients had 
karyotypes of both tissue and blood lym- 
phocytes. In each case, the paired 
karyotypes were identical. 

CASE 3.—A 36-year-old woman first 
presented to the Cleveland Clinic Foun- 
dation at the age of 6 years for genital 
abnormalities. Her medical history was 
significant for prematurity (1.6 kg), ret- 
rolental fibroplasia, and clitoromegaly. 
Physical examination revealed a short 
phenotypic female with clitoromegaly 
and underdeveloped labia majora. The 
labia minora were absent. Subsequent- 
ly, a clitorectomy was performed. At 
the age of 14 years, she complained of 
facial hair, a deepening voice, and mas- 
culine physique. Pelvic examination at 
this time was remarkable for a palpable 
right scrotal testis, small uterus, and 
adnexal structures. Cystoscopic exami- 
nation revealed a small urogenital sinus 
into which the urethra and vagina 
opened. The peripheral blood lympho- 
cyte karyotype was 46,XY. Subse- 
quently, a total abdominal hysterecto- 
my, left salpingogonadectomy, and 
right orchiectomy were performed. A 


small hemiuterus, fallopian tube, and. 


left streak gonad were identified. The 
majority of the testicular parenchyma 
consisted of closely apposed seminifer- 
ous tubules, with intertubular diffuse 
Leydig cell hyperplasia. The majority of 
tubules contained only mature Sertoli 
cells; occasional Sertoli cells had oxy- 
philic granular change. Other tubules 
near the tunica albuginea contained 
many large hyperchromatic germ cells 
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Fig 4.—Case 15. Stromal tumor in a streak gonad. Sheets of spindled to polygonal cells 
containing lipid and having numerous mitoses (arrows) characterize the tumor (hematoxylin- 


eosin, x 205). 





Fig 5.—Case 3. Testicular malignant intratubular germ cell neoplasia characterized by enlarged 
hyperchromatic germ cells with large nucleoli (arrows) confined to the seminiferous tubule. 
Several Sertoli cells with eosinophilic granular change (E) are identified (nematoxylin-eosin, 
x 333). 


with large nucleoli. Periodic acid- 
Schiff-positive diastase-sensitive mate- 
rial was present within the cytoplasm of 
the germ cells. Immunohistochemical 
staining for placental alkaline phospha- 
tase could not be performed because the 
tissue had been fixed in Zenker’s solu- 
tion. These germ cells were confined to 
the tubules, did not invade the intersti- 
tium, and were typical of MIGCN (Fig 
5). The patient was alive and well with- 


out evidence of malignancy 22 years af- 
ter surgery. 

Case 5.—A 36-year-old woman pre- 
sented at the age of 15 years for amenor- 
rhea. Her history was remarkable for a 
horseshoe kidney. Physical examina- 
tion revealed a short phenotypic female 
with sparse pubic hair and underdevel- 
oped breasts. Karyotypic analysis of pe- 
ripheral blood lymphocytes demon- 
strated a 45,X0/46,XYq pattern. 
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Conjugated estrogens (1.25 mg) were 
taken in a cyclic fashion for 6 years. 
Increased breast size and regular men- 
ses were noted. At the end of 6 years, 
she noticed heavier menses and irregu- 
lar spotting. Medrexyprogesterone ace- 
tate (5 mg) was added at the end of the 
cyclic estrogen regimen for the next 18 
months but spotting continued. An en- 
dometrial biopsy revealed a grade 1 
adenocarcinoma with squamous differ- 
entiation; a total abdominal hysterecto- 
my, bilateral salpingectomy, and left 
gonadectomy were sudsequently per- 
formed. No right gonad was identified. 

The uterus measured 7.5 x 5.0 x 3.0 
em and was pear shapec. The cervical os 
was unremarkable. The endometrium 
appeared shaggy and thickened, mea- 
suring 0.9 cm. Grossly, no myometrial 
invasion was found. Microscopically, a 
grade 1 adenocarcinoma with squamous 
differentiation was identified (Fig 6) in 
the endometrium with no invasion of the 
myometrium. Cystic, adenomatous, 
and atypical hyperplasia were present 
in different sections adjacent to the ade- 
nocarcinoma. Postoperatively, she con- 
tinued to take conjugated estrogens and 
medroxyprogesterone acetate. She was 
alive and well with no evidence of malig- 
nancy 15 years after surgery. 

CasE 10.—A 29-year-old phenotypic 
man had a 3-month history of hyperten- 
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Fig 6.—Case 5. Grade 1 endometrial adenocarcinoma characterized by back-to-back glands 
without intervening stroma and with focal squamous differentiation (hematoxylin-eosin, x 131). 





sion. As a child, he underwent many 
penile surgeries for correction of hypo- 
spadias. While driving, he experienced 
severe chest pain and dyspnea. On ar- 
rival at an emergency department, his 
blood pressure was 150/100 mm Hg. A 
chest roentgenogram showed a widened 
mediastinum and a subsequent aorto- 
gram revealed a dissection of a right 
aortic arch. The dissection originated at 
the left subclavian artery and extended 
anterograde to the L2 vertebral level, 
typical of type 3 aortic dissection. The 
great vessels originated from the arch 
as follows (proximal to distal): left com- 
mon carotid, right common carotid, 
right subclavian artery, and last the left 
subclavian artery. The aortic arch 
coursed behind the esophagus to a left- 
descending thoracic aorta. He was 
transferred to the Cleveland Clinic 
Foundation. A continuous nipride drip 
controlled his hypertension but several 
days later he experienced mental status 
changes. A computed tomographic scan 
of the head was unremarkable. An echo- 
cardiogram showed only left ventricular 
hypertrophy and normal valves. Subse- 
quently, he suffered several apneic epi- 
sodes. Intubation at this time was diffi- 
cult due to subglottic tracheal stenosis. 
A retrograde dissection of the aortic 
arch was postulated as the cause of the 
external tracheal compression. He un- 





Fig 7.—Case 10. Autopsy specimen of aortic 
arch viewed from the left lateral position. The 
left subclavian artery (LSA), descending tho- 
racic aorta (DTA), coarctation (C), and pros- 
thetic graft (arrow) are identified. 


derwent median sternotomy and the 
retrograde dissection was confirmed. A 
graft was placed from the uninvolved 
ascending aorta to the proximal de- 
scending thoracic aorta. The great ves- 
sels of the neck were individually anas- 
tomosed to the graft. Uncontrolled 
hemorrhage from the distal anastomo- 
sis led to cardiovascular collapse and 
exsanguination. 

The postmortem external examina- 
tion revealed a young man measuring 
160.0 cm in height with full beard and 
mustache. The neck was short and thick 
but not webbed. The median sternot- 
omy was identified in an otherwise nor- 
mal-appearing chest. The fourth and 
fifth metacarpals of both hands and the 
left fourth metatarsal bones were short- 
ened. He had a male genital hair pat- 
tern. The penis measured 5.0 cm in 
length with evidence of remote hypo- 
spadias repair. A small soft testis was 
palpated in the right hemiscrotum. No 
vaginal opening was identified. 

The aortic arch graft originated at the 
uninvolved ascending aorta, coursed 
behind the esophagus, and was sewn to 
the descending left thoracic aorta. The 
distal anastomosis was partially sewn to 
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Fig 8.—Case 10. Urinary bladder neck dem- 
onstrating rudimentary prostatic glands (P) 
characterized by double-layered cuboidal to 
columnar epithelium. Immunohistochemical 
stains for prostate specific antigen and pros- 
tatic acid phosphatase revealed staining of 
the glands but not of the overlying transitional 
epithelium (T)(hematoxylin-eosin, x 103). 


the false wall of the dissection. The 
great vessels of the neck were individ- 
ually sewn to the graft in the order 
shown by the arteriogram. The anasto- 
moses were intact. The dissection ex- 
tended anterograde to the L2 vertebral 
level and involved the left subclavian 
and superior mesenteric arteries. A 
small coarctation was found at the level 
of the nonpatent ductus arteriosus, 
which connected the left pulmonary ar- 
tery and the aorta (Fig 7). The remain- 
der of the aorta was mildly athero- 
sclerotic. No congenital cardiac ab- 
normalities were noted. A recent and 
remote left ventricular myocardial in- 
farct was present. The coronary arter- 
ies were mildly atherosclerotic. 

A small left-sided unicornuate uterus 
lay between the urinary bladder and the 
rectum. A well-developed fallopian tube 
was present on the left. At the distal end 
of the tube, a small streak gonad was 
present. The uterine cervix projected 
into a small vagina which ended blindly 
at the perineal skin. The right scrotal 
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Fig 9.—Case 10. Lancet-shaped late spermatids (arrows) in selected testicular tubules (hema- 


toxylin-eosin, x 333). 


testis was small, soft, and tan-brown, 
and associated with a well-formed epi- 
didymis and vas deferens. No testis or 
wolffian duct remnants were noted on 
the left. No grossly identifiable prostate 
or seminal vesicles were found. The kid- 
neys and collecting systems were 
unremarkable. 

Histologic examination of the bladder 
neck was significant for focal small 
glands in the lamina propria beneath the 
transitional epithelium (Fig 8). The 
glands consisted of doubled-layered cu- 
boidal to columnar cells with basilar 
bland nuclei. Immunohistochemical 
stains were positive for prostate specif- 
ic antigen and prostatic acid phospha- 
tase, indicating rudimentary prostate 
tissue. The small uterus had an orga- 
nized smooth-muscle wall lined by 
atrophic endometrium with extensive 
squamous metaplasia. The cervix and 
vagina were lined by chronically in- 
flamed squamous mucosa. The left 
streak gonad consisted solely of ovari- 
an-type stroma with occasional primi- 
tive sex cords. Rete ovarii were present 
in the hilus. Hilus cells were prominent 
surrounding small nerves. No ova were 
present. The right testis displayed 
prominent aggregates of Leydig cells in 
the interstitium and marked tubular 
sclerosis throughout the testis. Several 
tubules exhibited complete spermato- 
genesis with identifiable mature sper- 





matids (Fig 9). Focal areas of ovarian- 
type stroma were seen in the tunica 
albuginea. Neoplastic cells were not 
seen in either gonad. The right epididy- 
mis and right vas deferens were re- 
markable for identifiable spermatozoa 
in their lumina. 

Blood lymphocytes and skin fibro- 
blasts were cultured for chromosome 
analysis. The fibroblasts were nonvia- 
ble but the lymphocyte culture revealed 
a mosaic 45,X0/46,XY/46,XX_ karyo- 


type. 
COMMENT 


In 1963, Sohval’ coined the term 
mixed gonadal dysgenesis for a group of 
intersex patients with asymmetric go- 
nadal development. The gonadal com- 
plement included the following: (1) a tes- 
tis on one side and a contralateral streak 
gonad; (2) a testis and contralateral go- 
nadal agenesis; (3) hypoplastic gonads 
with rudimentary tubules in one; or (4) a 
streak gonad with a contralateral tu- 
mor. Davidoff and Federman’ consid- 
ered a testis or gonadal tumor on one 
side and a rudimentary gonad, streak 
gonad, or no gonad on the other side as 
MGD. Because of insufficient or delayed 
production of miillerian inhibitory fac- 
tor by the dysgenetic testis, miillerian 
structures such as a uterus or fallopian 
tube are invariably present. Some pa- 
tients may present with hernia uteri in- 
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guinale (miillerian structures such as a 
uterus or fallopian tube in an inguinal 
hernia). The majority of eases have bi- 
lateral fallopian tubes despite the pres- 
ence of a testis. Inadequate or delayed 
production of testesterone by the dys- 
genetic testis causes incomplete mascu- 
linization of the external genitalia and 
poor development of the ipsilateral 
wolffian duct struetures. The external 
genitalia range from normal female to 
normal male in appearance. Most pa- 
tients present at birth with ambiguous 
genitalia and two cf three are raised as 
females. At puberty, the patients often 
develop hirsutism, deepening of the 
voice, and other signs of virilization. 
Stigmata of Turner’s syndrome may be 
present in one of three patients and 
include low hair line, shield chest, multi- 
ple pigmented nevi, webbed neck, and 
cubitus valgus. Half of MGD patients 
are taller than 147 am and usually do not 
display signs of Turner’s syndrome. The 
45,X0/46,XY mosaic karyotype is the 
most common, followed by 46,XY and 
less frequently other mosaic karyo- 
types with a Y-chromosome-containing 
cell line. In patient 10, the 45,XO/ 
46,XX/46,XY peripheral lymphocyte 
karyotype may not have been accurate 
due to the blood transfusions he re- 
ceived during surgery. All six units 
were donated by women. Prince and 
Ahrens* have demonstrated that lym- 
phocytes remain viable and stable for at 
least 14 days in stored blood. Thus, the 
46, XX cell line may not represent a cell 
line in our patient and the true karyo- 
type may be 45,X0/46,XY. The possi- 
bility of a female denor being a patient 
with Turners syndrome or having a 
46, XY cell line is remote. 

The testis of adult patients with MGD 
usually shows no spermatids or sperma- 
tozoa and is associated with infertility in 
almost all patients. Rajfer and Walsh’ 
stated that the postpubertal testis lacks 
advanced stages af spermatogenesis, 
has immature Leydig cells, and com- 
monly has hyalinizetion and thickening 
of the tubular basement membrane with 
interstitial fibrosis. In our postpubertal 
patients, the seminifereus tubules 
ranged from totally sclerotic to tubules 
with only mild hypospermatogenesis. 
Both patients 2 and 10 revealed mature 
spermatids within the seminiferous tu- 
bules of descended testes. Patients 3 
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and 11 demonstrated tubules with only 
mild tunica proprial thickening and 
germ-cell aplasia. Several oxyphilic 
granular Sertoli cells were present in 
these 2 patients, 1 of whom was cryptor- 
chid. Wong et al showed that these 
granules are secondary lysosomes con- 
taining membrane fragments, phospho- 
lipid, and amorphous material. All of the 
postpubertal testes had prominent Ley- 
dig cells. On the other hand, the abdomi- 
nal testis of the prepubertal phenotypic 
female (patient 12) revealed closely ap- 
posed immature tubules with scattered 
germ cells. Sclerotic tubules or intersti- 
tial fibrosis were not seen. Leydig cells 
were not present. The tunica albuginea 
may contain ovarian-type stroma simi- 
lar to that in a streak gonad. A streak 
gonad consists of ovarian-type stroma 
but has no primordial ovarian follicles. 
Streak ovaries, streak gonads with pri- 
mordial follicles, or germ cells, were not 
found among our patients. Poorly dif- 
ferentiated sex cords may be found in 
the stroma with hilus cells adjacent to 
nerves in the hilus of the streak gonad. 

Dysgenetic male pseudohermaphro- 
ditism (DMPH) is a disorder charac- 
terized by bilateral dysgenetic testes, 
persistent miillerian structures, crypt- 
orchidism, and inadequate virilization. 
XO/XY mosaicism may be found. In 
adulthood, spermatogenesis and fertil- 
ity are invariably absent. Rajfer et al” 
consider DMPH to be closely related to 
MGD. Pure gonadal dysgenesis (PGD), 
on the other hand, is characterized by 
bilateral streak gonads, internal miille- 
rian structures, and female phenotype 
with no signs of Turner’s syndrome.” 
Both Robboy et al’ and Rajfer and 
Walsh’ consider PGD and DMPH to be 
within the spectrum of MGD. Each syn- 
drome has similar features: ambiguous 
genitalia, persistent miillerian duct 
structures, occasional wolffian duct de- 
rivatives, karyotypes having a Y chro- 
mosome, and the potential for gonadal 
neoplastic transformation. We agree 
that MGD includes a spectrum of pa- 
tients with bilateral testes, a testis and 
a streak gonad, bilateral streak gonads, 
or gonadal tumors. 

In our series, 67% of patients were 
reared as females. Three of the pheno- 
typic males had hypospadias and all pre- 
sented with at least unilateral eryptor- 
chidism. Slightly more than half of the 


patients displayed stigmata of Turner’s 
syndrome, which included short stat- 
ure, shortened fourth and fifth meta- 
carpals, low hair line, shield chest, short 
or webbed neck, and multiple cutaneous 
nevi. All had an identifiable uterus and 
66% also had bilateral fallopian tubes 
even if a testis was present. Most karyo- 
types were mosaics (78%), the most fre- 
quent being 45, XO/46, XY (9). The non- 
mosaic karyotypes were 46,XY. These 
characteristics of our patient group are 
typical of other published series or case 
reports of MGD.*""*"° 

Cardiovascular abnormalities in 
MGD have not been extensively re- 
ported in the literature. Turner’s syn- 
drome, on the other hand, has a well- 
known association with cardiovascular 
anomalies, including aortic coarctation, 
congenital bicuspid aortic valve, hyper- 
trophic obstructive cardiomyopathy, 
ventricular septal defect, mitral valve 
prolapse, and dextrocardia. Of Turner’s 
syndrome patients with a 45, XO karyo- 
type, 30% to 50% exhibit some of these 
abnormalities; 70% are coarctation. 
Fewer anomalies are seen in Turner’s 
syndrome mosaicism (XO/XX).° In re- 
viewing the published series of MGD 
that included comments on cardiovascu- 
lar diseases, aortic coarctation, ®™ con- 
genital heart disease,” and hyperten- 
sion” have been noted. In our series, 
hypertension, bicuspid aortic valve, and 
the right aortic arch with a retroesopha- 
geal segment, an aberrant left subclavi- 
an artery, aortic coarctation, and dis- 
section were found. Right aortic arches 
were classified by Shuford et al’ as be- 
ing associated with (1) an aberrant left 
subclavian artery, (2) mirror image 
branching, or (3) isolation of the left 
subclavian artery. The most common 
type is the right aortic arch with an 
aberrant left subclavian artery, present 
in 0.05% of the population.” Knight and 
Edwards” subdivided cases of right aor- 
tic arch according to the presence or 
absence of a retroesophageal arch seg- 
ment. The mirror image and the aber- 
rant left subclavian type without a re- 
troesophageal segment are often found 
with congenital heart diseases such as 
tetralogy of Fallot, deficiency of the 
ventricular septum, and tricuspid atre- 
sia. As in our case, the right aortic arch 
with an aberrant left subclavian artery 
and a retroesophageal segment is rarely 


Gonadal Dysgenesis— Wallace & Levin 














found with congenital heart disease. 
The combination of a coarctation and 
right aortic arch is rare and only a few 


228 


cases have been reported,” one being 
ina patient with Turner's syndrome.” 
Dissection of a right aortic arch is also 
rare, but a few case reports exist.°” 
e0 ssection of a left aortic 
in patients with Turner's 
’ We found no other cases 
of aright tic arch with an aberrant 
z left subclavian artery, coarctation, and 
dissection, as shown in our patient 10. 
Complete cardiovascular examination 
of patients. with gonadal dysgenesis 
may reveal treatable and potentially le- 
thal disease. - 
The frequency of gonadal tumor de- 
lopment has been stressed in the lit- 
erature. Gonadal tumors develop in ap- 
proximately “30% of patients with 
46,XY PGD, from 9% to 25% of those 
with MGD and in up to 30% of those with 
DMPH.”” Manuel et al” calculated the 
expectancy of development of a gonadal 
tumor in PGD by age 10 years to be 2%, 
by age 20 years to be 16%, and by the 
age of 30 years to be 27.5%. Ten percent 
of MGD patients may also develop go- 
nadal tumors by age 20 years and 19% 
by age 30 years, The most common tu- 
mor in MGD is the gonadoblastoma, 
which consists of nests of germ cells 
similar to a seminoma or dysgerminoma 
in relationship to cells with small oval 
nuclei and inconspicuous cytoplasm re- 
sembling immature Sertoli or granulosa 
cells (sex cord derivatives). Elements 
indistinguishable from Leydig cells are 
present in approximately two of three 
cases. Calcification and hyalinization oc- 
cur often. Gonadoblastoma is bilateral 
in one of three cases and half are over- 
grown by an invasive germinoma. Pa- 
_ tients with gonadoblastoma and meta- 
static germinoma have an overall 















- favorable prognosis after surgery and 


radiation. Other associated malignant 
germ-cell. elements such as teratoma, 
embryonal. earcinoma, yolk sac tumor, 
or choriocarcinoma may be present. 
With the exception of those with terato- 
ma, most patients with gonadoblastoma 
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and malignant germ-cell tumors have 
developed metastases and died shortly 
thereafter.” Adawole et al” have re- 
ported a patient with gonadoblastoma, 
dysgerminoma, and metastatic chorio- 
carcinoma who was treated with chemo- 
therapy and had no evidence of disease 
at the time of publication. Approxi- 
mately four of five gonadoblastomas 
arise in phenotypic females; 20% of tu- 
mors arise in a streak gonad, 20% ina 
testis, and in the rest of the cases, the 
gonad cannot be identified. ”® The sec- 
ond most common tumor in MGD is the 
pure germinoma. These have probably 
overgrown a gonadoblastoma or testic- 
ular MIGCN. Testicular MIGCN has 
been described in patients with 
45,X0/46,XY mosaicism." Juvenile 
granulosa cell tumor has been reported 
in a dysmorphic infant,” and in gonadal 
dysgenesis patients with a Y chromo- 
some.“ ” Wilms’ tumor has been associ- 
ated with MGD, PGD, DMPH,”™ and 
the Drash syndrome,” and a single case 
of Wilms’ tumor was associated with 
gonadal dysgenesis, Fanconi’s anemia, 
medulloblastoma, and horseshoe kid- 
ney.” Rajfer® believes that a common 
defect in the urogenital ridge, the em- 
bryonic precursor of the kidney, and the 
gonads, may be the cause of the associa- 
tion of gonadal dysgenesis and renal tu- 
mors. Single-case reports of MGD pa- 
tients with a peritoneal mesothelioma” 
and “serous cystadenocarcinoma”’ of an 
unidentified gonad” are present in the 
literature. Adenocarcinoma of the endo- 
metrium has been described in patients 
with Turners syndrome treated with 
estrogens.” Two thirds of the report- 
ed cases had squamous differentiation, 
as in our patient 5." Krishnamurthy et 
al” recommend close follow-up of all 
patients with Turner’s syndrome treat- 
ed with estrogens and progesterone be- 
cause apparently “progestins do not al- 
ways exert a protective effect against 
estrogen-stimulated carcinogenesis.” 
An estrogen-associated endometrial os- 
teogenic sarcoma has been identified in 
a 28-year-old woman with Turner's syn- 
drome after 16 years of estrogen-pro- 
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gesterone therapy.” Single cases of 
MGD patients with endometrial adeno- 
carcinoma were included in two series.” 
Thus, close follow-up of patients treated _ 
with estrogen, with cr without proges- 
terone, is recommended. ake 


In our series, 47% of patients devel- 


oped gonadal tumors, which is slightly 
higher than other series. All tumors | 
arose in phenotypic females and 60% of 
the gonadoblastomas were bilateral. 
Germinomas were found in 75% of the 
gonadoblastomas. The gonadal stromal 
tumor is unique and will be reported 
separately after a suitable follow-up pe- 
riod. Khoo and Buntine™ have described- 


a “malignant lipid-type sex cord stromal 


tumor” in a streak gonad of a mosaic. - 
46,XX/47,X XX female. Lyons et al” de- ` 
scribed a “hilus cell tumor” in a streak. 
gonad of a virilized patient with 
Turner’s syndrome. in addition to the 
gonadoblastoma and germinoma, we re- 
ported single cases of testicular MIGCN 
and an endometrial adenocarcinoma ot- 


curring after long-term estrogen/pro- 
gesterone therapy. Our series high- — 
lights the malignant potential of the- 

dysgenetic gonad (usually germ celland 


rarely sex cord-stromal tumors) in 


MGD and emphasizes the risk of endos - 


metrial adenocarcinoma following exog- - 
enous estrogen therapy. 

Gonadal extirpation at the time of di- 
agnosis is recommended in patients 
with MGD, since malignant gonadal tu- 
mors can develop in childhood. Sieben- 
mann” and Aarskog” have stated that a 
scrotal testis in a child with MGD or 
DMPH may be left in place, since malig- 
nant tumors have not-occurred in a scro- 
tal testis. However, the testicular - 
MIGCN in our series was found in the 
scrotal testis of a 14-vear-old. Miller et 
al‘ recommended testicular biopsy of all 
XO/XY gonadal dysgenesis cases with a 
male phenotype as soon as the syn- 
drome is diagnosed. Then, if MIGCN is 
found, a gonadectomy is warranted. 
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e A morphometric analysis of 
germinal centers (GCs) in the thymus 
of nonthymomatous patients with 
myasthenia gravis was performed in 
26 patients, including 14 women and 
12 men. The GCs were evaluated for 
number, diameter, perimeter, and 
cross-sectional area using a comput- 
erized interactive morphometric 
analysis. The GCs ranged from 2 to 19 
per case, with an average diameter of 
0,02 to 0.43 mm, a perimeter of 0.38 to 
1.35 mm, and a cross-sectional area 
of 0.01 t0 0.14 mm’. In thymic sections 
with fewer than five GCs, the GCs had 
_amean area of 0.05 mm’, a perimeter 
of 0.84 mm, and a diameter of 0.24 
mm. In thymic sections containing 
five or more GCs, the GCs had a mean 
area of 0.04. mm’, a perimeter of 


yasthenia gravis is a neuromuscu- 

lar disorder manifested by weak- 
ness. and fatigability of voluntary mus- 
cles. Although the thymus gland has 
long been suspected to play a role in the 
development of this disorder,” its rela- 
tionship with myasthenia gravis is still 
not well understood. Favorable results 
following thymectomy, however, have 
provided evidence in favor of such an 
association.” 

The morphological hallmark of the 
thymus in nonthymomatous patients 
with myasthenia gravis is the presence 
of germinal centers (GCs). This feature 
has been used as a parameter to predict 
the clinical outcome in these patients. 
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0.62 mm, and a diameter of 0.19 mm. 
The clinical improvement in these pa- 
tients inversely correlated with the 
above parameters, with improvement 
being observed in patients whose 
GCs had a mean area of 0.02 mm’, a 
perimeter of 0.58 mm, and a diameter 
of 0.17 mm. No correlation was ob- 
served between the number of GCs 
and clinical improvement. The re- 
sults of our study appear to indicate 
that computerized interactive mor- 
phometric analysis may represent a 
potentially useful method for the 
evaluation of the morphometric fea- 
tures of thymic GCs and their correla- 
tion with clinical outcome in patients 
with myasthenia gravis. 

(Arch Pathol Lab Med.1990;114: 
689-691) 


However, conflicting results have been 
obtained by conventional morphometric 
studies, with some studies claiming a 
better clinical outcome in patients with 
numerous GCs, while others have 
demonstrated the contrary. °°" 

We evaluated the use of computer- 
ized interactive morphometric analysis 
of GCs in the thymuses of patients with 
nonthymomatous myasthenia gravis. 
The advantages of this methodology 


over other conventional morphometric 


analyses is discussed. 
PATIENTS AND METHODS 


Twenty-six patients with myasthenia gra- 
vis who were surgically treated at The Mt 
Sinai Hospital, New York, NY, during the 
years 1975 through 1976 were studied. The 
clinical features of these patients are shown 
in Table 1. A clinical follow-up of at least 8 
years was available for all the patients in this 
study. All the patients were treated with 
anticholinesterases and thymectomy. The 








anticholnesterase treatment in 24 patients » 
varied from 1 to 9 years. Two patients (Nos. . 
16 and 22) received treatment for more than - 


10 years. Only one patient (No. 16) received o) - 


combination treatment with anticholinester- 


ases and steroids. All of the patients were 


preoperatively classifiec according to the Qs-> 


serman’ classification, Clinical response to o 


thymectomy was assessed by physical ex- 


amination and electromyographic studies in 


all of the patients. Reclassification in all pa» 


tients was performed aecording to the same 
method used preoperatively. Eleven pas 


tients showed clinical improvement at fobo 


low-up. Of these, 8 were found to be in remise 


sion and 3 were found to have improved from. 
generalized mild disease (ILA) to mild ocular 
symptoms or relatively free of symptoms. 
Fifteen patients showed no signs of improve- 
ment as judged by the results of electromyo- 
graphic studies and physical examination. 

All available hematoxylin-eosin~stained 
sections (ranging from one to eight per case) 
were studied, and the GOs were traced, pro- 
ducing a quantitative analysis of the number, 
perimeter, diameter, and cross-sectional 
area, using a computerized interactive mor- 
phometric analysis. This technique utilizes a 
33-em (13-in) monitor overlaid with a high- 
resolution touch-sensitive panel: video im- 
ages generated by a high-resolution black- 
and-white video camera mounted on top ofa 
microscope (Leitz Orthoplan) are directly 
traced on the touch panel.” 
very efficient, allowing a quick tracing of 
GCs with computer sterage, computation, 
and generation of analytic data," We empha- 
size that this approach is interactive (ie, the 
structure recognition and the tracing are 
done by the investigator rather than the ma- 


chine) to obviate the uncertainties caused by 


the lack of specificity of gray levels and in- 
strumental structure recognition and bound- 
ary tracing that depend on it. With the inter- — 
active approach, the level of effort required 
is minimal, 

We utilized all thymic sections available. — 
The number of sections for each case varied 


Myasthenia Gravis—-Moranetal 689 — 








The method is. __ 









- a | Table 1.—Clinical Features in 26 Patients With Nonthymomatous Myasthenia Gravis” 





‘Classification 
‘at Onsett 


| Patient No./- 
į Sex/Age at T, y 









Treatment Follow-upt 











17F/47 OO HA AC+T FA 
2/F/18 A AC+T RA 
3/F/35 WA AC+T BA 
4/F/39 | WA AC+T RA 
5/M/34 | | 












6/F/21 
7/F/390 


































8/F/20 | HA AC+T | 

9/M/58 A ACHT iA 
10/M/17 T AC+T EA 
11/F/31 HA AC+T WA 
12/M/33 AC+T HA 
13/M/12 AC+T HA 
14/M/48 S AC+T KA 
15/F/22 HA AC+T BA 
16/M/45 HA AC+S+T 4 
17 /F/24 a, ee AC+T Ram 
18/F/28 WA oo AC+T Ram 
19/7M/34 HA AC+T Rem 
20/M/30 HA AC+T Rem 
21/M/54 HA ae AC+T Ram 
22/F /47 HWA AC+T | 
23/F/37 HA AC+T Rem 
24/F/28 WA AC+T Rem 
25/M/73 HA i AC+T i 
26/M/27 iA AC+T Rem 






















*T indicates thymectomy; AC, anticholinesterases S, steroids: and Rem, remission. 
tGlassification according to Oseerman.'? 


Table 2.—-Morphemetric Features in 26 Patients With Nonthymomatous 


Myasthenia Gravis 











No. of 
Germinal 
Patient No. Centers Area, mm? Perimeter, mm Diameter, mm 
1 7 0.07 0.09 0.31 
2 3 0.06 0.87 0.28 
3 2 0.07 0.96 0.31 
4 2 0.08 1.04 0.33 
5 1 0.05 0.75 0.24 
6 4 0.03 0.60 0.19 
7 2 0.04 0.79 0.25 
B 5 0.06 1.18 0.38 
9 5 0.04 0.70 0.22 
10 3 0.14 1.35 0.43 
11 5 0.07 0.52 0.02 
12 +0 0.01 0.42 0.13 
13° 9 0.04 0.78 0.25 
2 0.03 0.63 0.29 
3 0.07 0.95 0.39 
3 0,04 0.72 0.23 
3 0.03 1.41 0.18 
4 0.04 0.74 0.24 
5 
4 0.02 0.70 
to 2 0.01 0.38 
22 a 0.01 0.39 
23° 19 om 0.93 0.03 
24 9 0.03 0.71 0.22 
25 5 0.01 0.41 0.13 
26 6 0.01 0.42 0.13 
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from one to eight. On each section, every 
single identifiable GC was traced. The com- 
puter was programmed to extract from each 
tracing the following data: cross-sectional 
area (in square millimeters), perimeter 
(boundary line between GC and dense lym- 
phocytic tissue, in millimeters), and largest 
diameter of the above (in millimeters). This 
work does not address the question of the 
dimensions of the GCs or the three-dimen- 
sional space, which did not appear necessary 
for the purposes of this work, since the ser- 
vice pathologist makes the diagnosis by 
study of flat sections. The question of inter- 
observer and intraobserver variations with 
our particular system has been previously 
addressed.” No issue of random sampling 
arose, since we measured all the GCs found in 
all the sections studied. 

The clinical improvement of these patients 
was correlated with the results of the mor- 
phometrie analysis using a general linear 
model procedure. 


RESULTS 


The results of the morphometric anal- 
ysis on GCs are shown in Table 2. The 
total number of GCs found in each case 
ranged from 2 to 19 (median, 5). The 
diameter of the GCs ranged from 0.02 to 
0.43 mm, with a perimeter of 0.38 to 
1.35 mm and a cross-sectional area of 
0.01 to 0.14 mm’. In thymic sections 
containing fewer than five GCs, the GCs 
had a mean cross-sectional area of 
0.05 mm’, a perimeter of 0.84 mm, and a 
maximum diameter of 0.24 mm. In thy- 
mic sections with five or more GCs, the 
GCs had a mean cross-sectional area of 
0.04 mm’, a perimeter of 0.62 mm, anda 
diameter of 0.19 mm. 

The results of the analysis of variance 
using a general linear model procedure 
showed a statistical significance of .01 
when the clinical improvement of the 
patients was correlated with the cross- 
sectional area of the GCs. A significance 
of .05 was observed between the perim- 
eter and the diameter of the GCs and the 
clinical improvement of the patients. No 
correlation was obtained between the 
number of GCs and the clinical improve- 
ment in these patients. 


COMMENT 


Since the first study of GCs in thy- 
muses of patients with myasthenia gra- 
vis,” there has been an increasing inter- 
est in correlating the presence or 
absence of GCs as a predictor of clinical 
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outcome for these patients. The results 
of these studies have been, for the most 
part, inconclusive. Castleman and Nor- 
ris,” in their ay in 1949, found no 












€ o to PRAA 
e: 1971 Alpert et al” noted 

that: patients with few or no GCs also 
showed a good response. 

Studies using semiquantitative ana- 
lyses have been performed in the past, 
such as the one by Alpert et al.” Their 
study, however, also included cases of 
thymomas i in patients with myasthenia 
. gravis. Reinglass and Brickel” per- 

_ formed a semiquantitative study that 
included mostly young female patients. 
This study failed to find any correlation 
between the results of thymectomy and 
the morphological appearance of the 
thymus. The study performed by 
Mackay et al” lacked a longer follow-up 
period and, contrary to our study, was 
not limited te nonthymomatous patients 
with myasthenia. gravis. Vetters and 
Simpson,” using histologic quantitation 
methods, made a comparison of the his- 
tologie characteristics of the thymus 
with the response of thymectomy in pa- 
tients with myasthenia gravis. Their 
study found a tendency for patients with 
unreactive thymuses to do better after 
thymectomy. 

In the present study, we have at- 
tempted to evaluate the use of a comput- 
erized morphometric analysis in the 
study of the dimensions of GCs in the 
thymus of patients with nonthymoma- 
tous myasthenia gravis. The results of 
our study indicate that there is little 
correlation between the number of GCs 
and their cross-sectional area, perime- 
ter, and diameter. In thymic sections 
containing fewer than five GCs, the GCs 
had a mean cross-sectional area of 
0.05 mm’, a perimeter of 0.84 mm, anda 
diameter of 0.24 mm, whereas in those 
with five or more GCs, the GCs had a 
mean cross-sectional area of 0.04 mm’, a 
perimeter of 0.62 mm, and a diameter of 
0.19 mm. The overall cross-sectional 
area of reactive thymic tissue in pa- 
tients with myasthenia gravis may thus 
be greater than is apparent even though 
there are fewer GCs. This finding may 
have functional implications and may 
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perhaps explain some of the conflicting 
results previously reported in the liter- 
ature concerning the correlation of the 
number of GCs to the clinical response 
in patients with myasthenia gravis. The 
same parameters in our study, when 
correlated with the clinical evolution of 
our patients, showed that in those pa- 
tients with clinical improvement the 
overall dimensions of the GCs showed a 
mean cross-sectional area of 0.02 mm’, a 
perimeter of 0.58 mm, and a diameter of 
0.17 mm, whereas in those who did not 
show signs of improvement the GCs had 
a mean cross-sectional area of 0.06 mm’, 
a perimeter of 0.82 mm, and a diameter 
of 0.25 mm. An analysis of variance us- 
ing a general linear model procedure 
demonstrated a significance of .01 be- 
tween the surface area of the GCs and 
the clinical improvement obtained after 
an 8-year follow-up period, and a signifi- 
cance of .05 between the perimeter and 
the diameter of the GCs and the clinical 
improvement of these patients. The 
number of GCs in our cases did not bear 
any significant correlation with clinical 
outcome. 

The discrepancy observed between 
the number of GCs and the overall di- 
mensions of these structures in this se- 
ries suggests that determination of the 
number of GCs alone may not be a reli- 
able prognostic parameter for the eval- 
uation of patients with myasthenia gra- 
vis. The inelusion of additional variables 
such as the cross-sectional area, the pe- 
rimeter, and the diameter of GCs may 
provide additional valuable information 
that could be of significance in the evalu- 
ation of these patients. Moreover, mor- 
phometric analysis of GCs by computer- 
ized image represents a more objective 
tool and one that is amenable to statisti- 
cal analysis, which will serve to provide 
more specific, quantitative data with 
which to evaluate the morphological 
features of the thymus in these patients. 

Although the number of patients in 
this study is too small to draw any defin- 
itive conclusions, the preliminary re- 
sults presented in this study would 
seem to indicate that computerized in- 
teractive morphometric analysis of GCs 
may constitute a valuable technique for 
studying the role of the morphological 
features of thymus in patients with my- 
asthenia gravis. Additional prospective 
studies using this method in a larger 





number of patients would be of interest — 
to determine whether a significant clini- 
eal correlation exists between dimen- 


sions of GCs and prognosis in this ` 


condition. 
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Granular Cell Tumor 


Immunohistcehemieal Analysis of 21 Benign Tumors 


and One Malignant Tumor 


Michael T. Mazur, MD: Jana J. Shultz, MS; Jeffrey L. Myers, MD 


e We examined the immunohisto- 
chemical profile of 21 granular ceil 
tumors (GCTs) and a singie clinically 
malignant GCT using a panel of com- 
mercially availabie antibodies. All 
cases showed diffuse cytoplasmic 
and nuclear staining for $100 protein. 
Fourteen cases stained for myelin ba- 
sic protein, Leu-7, or both. immuno- 
stains for neurofilament protein and 
glial fibrillary acidic protein were neg- 
ative in all cases. Stains for cathepsin 
B and «,-antichymotrypsin were pos- 
itive in 21 and 15 cases, respectively. 
Cathepsin-B reactivity may reflect 
autodigestion of myelin, while the 
presence of a,-antichymotrypsin is 
less specific and may be related to 
cellular production of this product or 
to nonspecific uptake of «,-antichy- 
motrypsin in serum during the forma- 
tion of phagolysosomes. All tumors 


he histogenesis of granular cell tu- 

. mors (GCTs? has been the subject 

of extensive immunohistochemical anal- 
ysis. Many studies have used a limited 
repertoire of polyelonal antisera or 
monoclonal antibodies to characterize 
small series of tumors. Despite some 


= conflicting data, most studies support 


> an origin from Sehwanr cells. Most 


< GCTs show immunoreactivity for 8100 





| protein, a protein 
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expressed vimentin, often in a dis- 
tinctive peripheral cytoplasmic pat- 
tern. Focal desmin staining was seen 
in three separate specimens from the 
patient with the malignant GCT, but 
this tumor also expressed $100 pro- 
tein, myelin basic protein, and Leu-7 
and did not stain for muscle-specific 
actin. The desmin reactivity in this 
single case probably represents non- 
specific staining rather than myogen- 
ous differentiation, since the reactiv- 
ity to other nerve sheath markers 
shows histogenetic similarity with 
the benign GCTs. These findings 
support a Schwann cell origin for 
nongingival GCTs and illustrate a 
useful panel of commercially avail- 
able antibodies to diagnose these 
distinctive tumors. 

(Arch Patho! Lab Med. 1990;114: 
692-696) 


that has become a marker for Schwann 
cells in peripheral nerve tissue.” S100- 
protein expression is not limited to 
Schwann cell neoplasms, however, and 
a variety of nonneural tumors has been 
shown to be immunoreactive to anti- 
5100 antibodies.° Some GCTs have ex- 
pressed other neural markers, includ- 
ing myelin basic protein (MBP),” 
neuron-specific enolase,” peripher- 
al nerve myelin proteins,’ Leu-7,' and a 
melanoma-associated antigen, NK1/ 
C-3, a neural crest marker.” Granular 
cell tumors generally do not express his- 
tioeytic, muscle, epithelial, or endothe- 
lial-associated antigens," 

We analyzed a series of routinely pro- 
cessed GCTs, including one clinically 


malignant tumor, using a broad spec- 
trum of commercially available antibod- 
ies. This panel of antibodies provides 
additional insight into the histogenesis 
of these tumors, and also provides a 
practical tool for differential diagnosis 
in difficult cases. 


MATERIALS AND METHODS 


The files of the Division of Surgical Pathol- 
ogy at University Hospital of the University 
of Alabama at Birmingham were searched 
for all GCTs diagnosed from 1977 through 
1988. We reviewed the slides to confirm the 
diagnosis of GCT, and then selected a repre- 
sentative block for immunchistochemical 
analysis. All tissue was fixed in 10% formal- 
dehyde solution and embedded in paraffin. 

The tumors were stained with commercial- 
ly available antibodies using standard perox- 
idase-antiperoxidase or avidin-biotin-com- 
plex techniques (Table 1). Briefly, 5-um 
sections were deparaffinized, rehydrated, 
and immersed in methanol 3% (wt/vol) hy- 
drogen peroxide to quench endogenous per- 
oxidase activity. Slides for a,-antichymo- 
trypsin (AACT) were trypsinized for 
8 minutes at 37°C in a 0.1% (wt/vol) calcium 
chloride, 0.1% (wt/vol) porcine trypsin solu- 
tion. Primary antibodies were incubated for 
30 minutes at room temperature. The anti- 
bodies against neurofilament protein and 
desmin required an additional 90-minute in- 
cubation. Subsequent incubations were per- 
formed using either the Vectastain avidin- 
bictin-complex kit (Vector Laboratories, 
Burlingame, Calif) or swine anti-rabbit im- 
munoglobulin and rabbit. peroxidase-anti- 
peroxidase (Dako Corp, Carpinteria, Calif). 
The sections were developed using 0.05% 
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(wt/vol) 3,3- diaminobenzidine as chromogen 
and were briefly counterstained with hema- 
toxylin. Tissues known to be reactive were 
included as positive controls. Two series of 
negative controls were used. In one, the pri- 
mary antibody was omitted but the tissue 
was otherwise tested in a similar manner. 
For another, nonimmune serum of the same 
class used at the same dilution was substi- 
tuted for the primary antibody. 

Six GCTs, including the clinically malig- 
nant case, were also stained for muscle-spe- 
cific actin (Enzo Biochem Inc, New York, 
NY). This monoclonal antibody was used at a 
1:8000 dilution and stained using the avidin- 
biotin-complex technique. 

Each of us reviewed the immunoperoxi- 
dase-stained slides without knowledge of the 
clinical setting and graded the staining inten- 
sity (0, negative; 1, faint; 2, moderate; 3, 
strong staining) and the extent of tumor 
staining (1, <50% of cells reactive; 2, 50% to 
90% of cells reactive; 3, =90% of tumor cells 
reactive). When there was a difference in 
interpretation, we reviewed the cases jointly 
and reached a consensus. 


RESULTS 


We retrieved 24 specimens from 19 
patients for review. All showed histo- 
logic features typical of GCTs (Fig 1). 
The specimens available for study in- 
cluded 17 excisional biopsies, 3 endo- 
scopic biopsies, 1 needle biopsy, and 3 
wide excisions. The patients ranged in 
age from 18 to 73 years and included 17 
women and 2 men. Tumor sites were 
vulva (6), superficial soft tissues (5), 
skin (4), tracheobronchial tree (3), skel- 
etal muscle (1), tongue (1), hypophar- 
ynx (1), esophagus (1), rectum (1), and 
anus (1). One patient had three sepa- 
rate benign tumors involving skeletal 
muscle (1), vulva (1), and skin (1), which 
were excised over a 4-year interval. 
One additional patient had a regional 
soft-tissue recurrence and pulmonary 
metastases 3 years after wide excision 
of a large primary skin tumor, and she 
died of widely disseminated disease 4 
years after diagnosis. All three speci- 
mens from this individual showed mod- 
erate nuclear pleomorphism and a focal- 
ly high mitotic rate (Fig 1). Electron 
microscopy of this case showed features 
characteristic of a GCT, including many 
complex phagolysosomes. There was no 
ultrastructural evidence of muscle dif- 
ferentiation in the malignant GCT. 

Table 2 summarizes the results of im- 
munoperoxidase staining. All cases 
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Antigen 
$100 


Clonality 
Polyclonalt 










Leu-7 Monoclonal¢ 
MBP Monoclonal§ 
GFAP Polyclonalt 

Vimentin Monoclonalt 
Desmin Monoclonal§ 
NF Monoclonal§ 
Cathepsin B Monoclonal || 


AACT Polyclonalt 





Table 1.— Summary of Antibodies Used* 











Dilution Method 














1:300 

1:10 ABC 
Prediluted ABC 
1:300 PAP 
1:10 ABC 
1:30 ABC 
Prediluted ABC 
1:150 ABC 







1:400 


* S100 indicates S100 protein; PAP, peroxidase-antiperoxidase; ABC, avidin-bictin-complex; MBP, myelin 
basic protein; GFAP, glial fibrillary acidic protein; NF, neurofilament protein; and AACT, «,-antichymotrypsin. 

tDako Corp, Carpinteria, Calif. 

+Becton-Dickinson, Mountain View, Calif. 

§Biogenex, San Ramon, Calif. 

||ICN ImmunoBiologicals, Lisle, II. 





Fig 1.—Malignant granular cell tumor composed of moderately uniform cells with abundant 
granular cytoplasm. Note mitotic figures (arrows) (hematoxylin-eosin, x 260). 


Table 2.—Immunohistochemical Results: 22 Granular Cell Tumors * 


No. 
Positive 
Antigen (%) 
$100 22 (100) 
Leu-7 13 (59) 
MBP 8 (36) 
GFAPt (0) 
Vimentin 22 (100) 
Desmin 1 (5) 
NF (0) 
Cathepsin B 21 (95) 
AACT 15 (68) 


Mean Extent 
of Staining 
(Range) 
3.0 (2-3) 
1.1 (1-2) 
1063) 


Mean Staining 
Intensity 
(Range) 
3.0.G:. \) 
1.4 (1-2) 
1.3 (1-2) 

2.2 (1-3) 

1O09 


1.9 (1-3) 
1.3 (1.2) 


2.3 (1-3) 
2.0 (1-3) 


1.9 (1-3) 
1.7 (1-3) 





* S100 indicates $100 protein; MBP, myelin basic protein; GFAP, glial fibrillary acidic protein; NF, neurofil- 


ament protein; and AACT, a, antichymotrypsin. 


tGlial fibrillary acidic protein staining performed on 23 of 24 cases. 


showed diffuse, strong cytoplasmic, and 
nuclear staining for S100 protein (Fig 
2). Faint to moderate staining was seen 
for Leu-7 and MBP in 13 cases and 8 


cases, respectively, and was usually fo- 
eal in distribution (Fig 3). One case 
stained only for MBP, 7 stained for MBP 
and Leu-7, and 6 cases stained only for 


Granular Cell Tumors — Mazur etal 693 


pm 






Leu-7. No cases stained for glial fibril- 
lary acidic protein. and none of our cases 
stained with the antineurofilament 
antibody. 

All cases stained for vimentin. T 
staining was usually moderate in inten- 
sity, and the brown reaction product 
often decorated the cytoplasmic me 
branes in a distinctive peripheral pat- 
tern (Fig 4). All three specimens fro 
the patient with the clinically malignant 
tumor showed focal cytoplasmic stain- 
ing for desmin (Fig 5). These three spec- 
imens also stained for S100 and Leu-7 
and showed the strongest staining for 
MBP. There was no muscle-specific ac- 
tin reactivity in the six cases studied, 
including the malignant GCT that 
showed focal desmin staining. 

Cathepsin B showed diffuse cytoplas- 
mic positivity in all but a single case. 
The staining was generally moderate i 
intensity and accompanied by back- 
ground staining. Staining for AAC’ 
was seen in 15 cases and tended to be 
moderate in intensity. The staining we 
diffuse in most instances, although onl 
focal staining was seen in five cases. 
Two cases showed a distinct perinuclear 
staining pattern for AACT. 


COMMENT 


Despite numerous attempts to estab- 
lish the histogenesis of GCTs, conflict- 
ing data still exist regarding the mos 
probable cell of origin. Our results agree 
with studies showing S100 protein ex- 
pression in most nongingival GCTs. 2 
notable exception is the study of Buley 
et al“ in which only 3 of 25 eases showe 
a positive immunoreaction to a mono- 
clonal $100 antibody S1-61. The reaso 
for this discrepancy is uncertain, al- 
though this monoclonal antibody shows 
more limited reactivity with neural tu- 
mors. A few other reported GCTs have 
failed to show reactivity for S100 pro- 
tein. For instance, Ulrich et al” foun 
that S100 protein stained 14 of 18 tu- 
mors, with tumors located in the brain, 
pituitary, and thyroid nonreactive. 
Nathrath and Remberger® found S100 
protein staining in eight of nine GCTs; 
the single exception was a subcutaneous 
tumor overlying the clavicle. $100-pro- 
tein expression in the majerity of non- 
gingival GCTs, including all those in ow 
study, strongly support the origin of 
these tumors from Schwann cells of pe- 
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ity in a granular cell tumor (hematoxylin coun- 
terstain, x 260). 





Fig 3.—Patchy staining for Leu-7 in a soft- 
tissue granular cell tumor of the abdominal 
wall (hematoxylin counterstain, x 260). 


1-10,12 


ripheral nerves. The absence of 
$100 staining in GCTs of the central 
nervous system, gingiva, and occasional 
tumors of soft tissue containing cells 
with granular cytoplasm suggests a dif- 
ferent cell of origin for these tumors. 
Other neural markers have also been 





Fig 4.—Staining for vimentin is largely re- 
stricted to the peripheral cytoplasm (hema- 
toxylin counterstain, x 496). 


Fig 5.—Several cells in the malignant granu- 
lar cell tumor show cytoplasmic reactivity for 
desmin (hematoxylin counterstain, x 260). 


identified in GCTs. Myelin basic pro- 
tein, a component of the central ner- 
vous system and peripheral nerve my- 
elin, was present in over one third of our 
tumors. Penneys et al? also showed 
MBP in GCTs, although they gave nei- 
ther the number of reactive tumors nor 
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the extent of reactivity. Mukai’ showed 
the presence of P2 protein and P0 pro- 
tein, two distinct peripheral myelin pro- 
teins, as well as S100 protein in 18 cases 
of GCT. In contrast, Clark et al’ were 
unable to find MBP or expression of P2 
protein in the six cases they studied. 
Leu-7 is a monoclonal antibody that rec- 
ognizes myelin-associated glycopro- 
teins and has shown immunoreactivity 
with central and peripheral nervous 
system tumors. Leu-7 staining is not 
specific, however, and is present in a 
wide variety of neuroendocrine tu- 
mors." We found focal staining for 
Leu-7 in over half of our cases. Leu-7 
was usually coexpressed with MBP. 
Abenoza and Sibley’ also found Leu-7 
staining in two cases of GCT. The 
presence of MBP and Leu-7 in the ma- 
jority of our GCTs lends additional sup- 
port to a Schwann cell origin for these 
tumors. 

Several other immunohistochemical 
studies of GCTs have analyzed for the 
presence of AACT and other “histio- 
cyte” markers, reporting negative re- 
sults in most GCTs studied." Our 
results, in contrast, show frequent im- 
munoreactivity of GCTs to AACT and 
to cathepsin B. The reason for this ap- 
parent discrepancy in our data com- 
pared with previous studies is not 
known to us. Our tests of both positive 
and negative controls indicated that our 
antibodies were reacting appropriately. 
Although histiocytes contain AACT and 
cathepsin B, both antigens have a broad 
tissue distribution and are not specific 
markers for a particular cell type.” 
Cathepsin B is a lysosomal proteolytic 
enzyme, and AACT belongs to the plas- 
ma protease-antiprotease system witha 
putative function to inactivate the pro- 
teolytic enzyme cathepsin G. The pres- 
ence of both these substances in GCTs is 
probably related to the formation of the 
many phagolysosomes in these tumors. 
These cells may either produce AACT 
during the phagocytic process” or 
AACT may become incorporated from 
serum into the cytoplasm during phago- 
cytosis.” 

Although background staining was 
high, we believe the GCTs do show reac- 
tivity for cathepsin B since all controls 
were satisfactory for the procedure. 
The presence of cathepsin B in GCTs 
may be related more specifically to lyso- 
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somal digestion of myelin. Cathepsin B 
is an enzyme that digests myelin basic 
protein and f-lipoprotein. Normal pe- 
ripheral nerves do not contain cathepsin 
B,” but this enzyme may play an impor- 
tant role in certain demyelinating dis- 
eases. ”™™ Other studies have shown that 
the cytoplasmic granules of the GCT 
contain in part myelin that has under- 
gone autophagocytosis.*” Our data sug- 
gest that cathepsin B may participate in 
autodigestion of those proteins. 

Intermediate filaments represent an 
important group of cytoplasmic anti- 
gens that have utility in classification of 
tumors. Previous studies have found 
that most GCTs express only vimen- 
tin,’ while keratins, desmin, actin, 
and neurofilament have not been pres- 
ent." Vimentin staining was 
present in all our tumors and usually 
had a distinctive peripheral cytoplasmic 
staining pattern. This staining pattern 
is illustrated by others” and appears to 
be a characteristic feature of GCTs. We 
know of no ultrastructural findings to 
explain the peripheral distribution of vi- 
mentin in these tumor cells. 

The absence of desmin and actin and 
negative immunostaining for myoglobin 
and myosin**"’"" militate against a 
myogenous origin for the GCT. Unex- 
pectedly, immunostaining for desmin 
Was seen in a minority of tumor cells in 
all three specimens from the same pa- 
tient with the malignant GCT. The con- 
sistent presence in all specimens from 
this tumor makes it unlikely that this 
result was a staining artifact. This pa- 
tient had a metastasizing tumor that 
showed focal nuclear pleomorphism and 
a high mitotic rate. Electron microsco- 
py showed cytoplasmic granules typical 
of GCTs, but we found no cytoplasmic 
filaments to explain the desmin expres- 
sion. The reason for desmin reactivity in 
this unusual neoplasm is not known. 
This tumor showed strong reactivity for 
$100 protein, MBP, and Leu-7, so we 
believe its histogenesis is similar to that 
of the other GCTs in this study. Previ- 
ous reports of malignant GCTs are rare, 
and few have been studied by immuno- 
histochemistry. Khansur et al” ob- 
served S100 staining in two malignant 
GCTs, and Troncoso et al” found immu- 
noreactivity for S100 protein and Leu-7 
in their single example. No staining was 
seen for vimentin or desmin in the latter 


case. Since the tumor in our study did 
not show reactivity for muscle-specifie 
actin, we doubt that the desmin staining 
in our case reflects divergent differenti- 
ation toward muscle cells. The desmin 
immunostaining may represent trans- 
fer of this protein frem muscle cells de- 
stroyed by the invading GCT cells. The 
reactivity may be analogous to the occa- 
sional staining of nonmuscular cells for 
myosin observed when malignant tu- 
mors infiltrate skeletal muscle.” Myosin 
immunostaining in such cases may re- 
flect phagocytosis or passive diffusion of 
myosin into nonmuseular cells, and the 
desmin immunostaining encountered in 
the GCT may reflect a similar phenome- 
non. Regardless, this case illustrates 
the utility of using a panel of antibodies 
in establishing the best classification for 
occasional tumors that show unex- 
pected immunohistochemical results. 

The differential diagnosis of GCT is 
limited and depends to some extent on 
the affected site. True GCTs arising in 
soft tissues may occasionally be con- 
fused with rhabdomyomas, leiomyo- 
mas, hibernomas, fibroxanthomas, and 
reactive inflammatory processes. The 
presence of diffuse S100 immunoreac- 
tivity along with staining for MBP and 
Leu-7 should help te distinguish GCT 
from these entities. Demonstration of 
coexpression of these neural markers is 
especially helpful in questionable cases, 
since none of them alone are immuno- 
specific for nerve sheath tumors.” 
Granular cell tumors also may be diffi- 
cult to distinguish from oxyphilic epi- 
thelial tumors in certain sites, particu- 
larly in small biopsy specimens. Indeed, 
a rectal tumor in our series initially was 
interpreted as a carcinoid tumor. Again 
the expression of nerve sheath antigens 
coupled withdistinctive staining 
pattern for vimentin can assist in sepa- 
rating GCTs from other tumors. 

In summary, GCTs have a character- 
istic immunophenotype using commer- 
cially available antibedies. In our expe- 
rience, S100 protein and vimentin are 
uniformly expressed, and cathepsin B 
and AACT are seen in the majority of 
tumors. About two thirds of GCTs stain 
for either MBP or Leu-7. These results 
support a Schwann cell origin for pe- 
ripheral GCTs and show that these 
GCTs represent a distinct pathologic 
entity. 
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Palisading Granulomas Associated 
With Lung Cancer 


Arnost Kolin, MD, FRCPC, Tadaaki Hiruki, MD 


èe A granulomatous response to 
neoplastic structures was found in 
three cases of resected small-cell an- 
aplastic carcinoma of the lung. This 
consisted of almost continuous rims 
of palisading epithelioid cells sur- 
rounding viable, necrotizing, and ne- 
crotic tumor nests. None of the pa- 
tients had received chemotherapy or 
radiation treatment prior to surgery, 
and no clinical, microbiological, or 
histological evidence of tuberculo- 
sis, fungal infection, or rheumatoid 
disease was found. The granuloma- 
tous rim seems to be a response to 
spontaneous tumor decay. 

(Arch Pathol Lab Med. 1990;114: 
697-699) 


he coexistence of neoplastic and 

granulomatous structures provoke 
questions about their chronologic and 
causal relations. Tuberculous pulmo- 
nary granulomata were at one time sus- 
pected to be responsible for the develop- 
ment of “sear cancers,” although the 
postinfectious origin of these malignan- 
cies has not been convincingly docu- 
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mented. In fact, when cancer and tuber- 
culosis coexist in the same lung, they 
are usually independent and separate.” 
The reverse relation between granulo- 
mata and lung cancer, ie, cancer induc- 
ing a granulomatous reaction, appears 
to have occurred in these three cases. 


REPORT OF CASES 


CASE 1.—This man was a 58-year-old 
heavy cigarette smoker. A nodule was found 
in the upper lobe of his right lung on a routine 
chest roentgenogram. No tumor structures 
were observed at bronchoscopy and bronchi- 
al washings were negative for malignant 
cells. The upper lobe of the right lung was 
resected and a 1.0-cm mass was found in its 
periphery, unrelated to a major bronchus. 

Histologic examination showed irregular 
solid neoplastic islands separated by copious 
cellular stroma. The nuclear and cytoplasmic 
features of the tumor cells were characteris- 
tic for small-cell anaplastic carcinoma. While 
much of the stroma was densely cellular, pop- 
ulated with fibroblasts and lymphocytes, 
most of the tumor islands were surrounded 
by a light-staining zone consisting of epitheli- 
oid cells with characteristic rectangular, oc- 
casionally twisted, vesicular nuclei, and pale 
ill-defined cytoplasm (Figs 1 and 2). Arteries 
within the tumor were narrowed by intimal 
proliferation, and tumor nests were present 
in the thickened intima of the largest artery. 
Infarct-type tumor necrosis was found in the 
center of the mass, and a single anthracosili- 
cotic nodule was attached to the periphery of 
the tumor. Electron microscopy revealed oc- 


casional dense core granules in otherwise un- 
differentiated and scanty tumor cytoplasm. 
No lymph nodes were available for our 
examination. 

Postoperatively, the patient received 
three courses of cyclophosphamide, doxoru- 
bicin (Adriamycin), and vincristine chemo- 
therapy, followed by three courses of etopo- 
side and cisplatin. Prophylactic brain 
irradiation (2000 cGy) was given for five 
treatments. The patient was alive without 
recurrence 5.5 years after operation. 

CASE 2.—This man was a 60-year-old 40- 
pack-year cigarette smoker. On routine med- 
ical examination, a shadow was found in the 
upper lobe of his left lung. Bronchoscopy and 
mediastinoscopy were negative. The upper 
lobe of his left lung was resected and found to 
contain an ill-demarcated tumor (2.5 x 1.5 x 
1.8 cm) centered around a segmental bron- 
chus, and reaching the pleura. The histologic 
features of the tumor were characteristic of 
small- cell anaplastic carcinoma, with central 
geographic necrosis. Several separate pe- 
ripheral tumor nodules were in various 
stages of necrobiosis. An almost continuous 
zone of large palisading epithelioid cells (Fig 
3) surrounded the tumor structures, and was 
especially conspicuous around the peripheral 
tumor nests. A zone of active fibroplasia with 
lymphoplasmocytic infiltrates and scattered 
lymphoid follicles formed the periphery of 
the tumor mass. In 3 of 10 bronchopulmon- 
ary lymph nodes, multiple small metastatic 
nests were found, surrounded by confluent 
fields of epithelioid histiocytes displacing the 
original population of lymphocytes and conio- 
phages. Dense core granules were found in 
some tumor cells by electron microscopy. 
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Postoperatively, this patient received six 
courses of cyclophosphamide, doxorubicin, 
and vincristine chemotherapy, supplement- 
ed with cranial and mediastinal irradiation 
(3000 cGy for 10 doses). The patient was alive 
on March 30, 1989 (4 years after resection), 
although he is being investigated for a proba- 
ble bronchial squamous cell carcinoma. 

CASE 3.—This woman was a 66-year-old 
60-pack-year smoker. A lung mass was dis- 
covered during investigation for polyneuri- 
tis. Bronchoscopic investigations, including 
cytologic examination of bronchial washings 
and brushings, as well as mediastinoscopy, 
were negative. Three attempts at fine-nee- 
dle aspiration, always yielded nondiagnostic 
necrotic material. The upper and middle 
lobes of the right lung were resected. An 
extensively necrotie tumor mass measuring 
5.5 em in diameter, reaching the parietal 
pleura, and not associated with a major bron- 
chus, was found. Viable tumor structures 
consisted of a few isolated areas at the pe- 
riphery of the tumor mass, none of them 
exceeding 5 mm in diameter. The outlines of 
tumor cells could be recognized in the necrot- 
ic areas. Foci of dystrophic calcification, cho- 
lesterol clefts, and impregnation of vascular 
walls and fibrous septa with chromatin dust 
were found in the necrotic tumor. The whole 
mass was surrounded with a thin layer of 
fibrous tissue. The interface between this 
capsule and necrotic tumor was populated 
with either foamy maerophages or palisading 
cells with nuclear morphology ranging from 
the pale epithelioid cell type to the densely 
staining fibroblastic variety (Fig 4). Some 
viable tumor nests were surrounded with 
continuous zones of epithelioid histiocytes. 
No metastatic deposits and no granulomata 
were found in either the intrapulmonary or 
mediastinal lymph nodes. 

The patient returned home in another 
province after surgery and. according to clin- 
ical data, died from recurrent disease 7 
months after the operation. An autopsy was 
not performed. 

None of the patients had any symptoms of 
rheumatoid disease. No acid-fast or fungal 
organisms were found in appropriately 
stained sections. 


COMMENT 


Cancer is listed among conditions ca- 
pable of inducing a granulomatous 
tissue response,’ usually as distant 
sarcoid-type granulomata either in re- 
gional lymph nodes for carcinoma” or in 
uninvolved organs of patients with lym- 
phoma.’ In cancer-free lymph nodes 
such granulomata have been reported in 
3.2% of a large series of patients with 
lung cancer.” Except as a foreign body- 
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type reaction to keratin in squamcus cell 
carcinomas, granulomatous response 
has rarely been found in the tumor prop- 
er. Recently, sarcoidlike lesions have 
been described in the stroma located 
entirely within tumor tissue of three 
invasive breast carcinomas .” 

In our patients, the granulomatous 
reaction was formed by palisading rows 
of epithelioid cells, similar to those in 
rheumatoid granulomas or at the edges 


~ 


Fig 2.—Patient 1. Detail of epithelioic histiocytes (left center) in contact with carcinomatous 
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of caseation, which surrounded live or 
necrotic tumor structures. None of our 
patients had any clinical or pathologic 
evidence of rheumatoid arthritis, tuber- 
culosis, or fungal infection, and shadows 
of undoubted cancer cells could be rec- 
ognized in necrotic areas. The epitheli- 
oid cell palisades around the tumor 
structures then most likely represent a 
reaction elicited by substances released 
from decaying tumor cells. Similar pali- 
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necrotic tumor cells are still recognizable. 


sading granulomas have been described 
in the prostate, kidney, cervix, and fal- 
lopian tube,” always antedated by a 
surgical procedure, such as needle biop- 
sy or curettage. Damaged or necrotic 
tissue was apparently the stimulus pro- 
voking histiocytic demarcation. Al- 
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Fig 4.—Patient 3. Palisading histiocytes at the edge of necrotic carcinoma. Shadows of 





though our cases lacked iatrogenic tis- 
sue damage (patients 1 and 2) and the 
epithelioid rim was not related to needle 
tracks (patient 3), the pathogenetic 
mechanism reaction to substances re- 
leased from damaged tissue appears to 
be similar. 





While small-cell cancers represent a 
minority among resected lung cancers 
(7 of 245 in our material), they seem to 
be the only ones to induce palisading 
granulomas. Two of our patients were 
alive without recurrence 4 years after 
treatment, exceeding the mean survival 
time for this type of cancer treated by 
chemotherapy.” In the other patient, 
who died within menths of resection, 
the epithelioid palisades were discontin- 
uous. Whether the granulomatous reac- 
tion itself has a protective role or is a 
marker of some other effective antitu- 
mor defense, will remain hypothetical 
until larger numbers of similar cases can 
be assembled for analysis. 
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Carcinoid Tumors of the Duodenum 


A Clinicopathologic Study of 99 Cases 


MAJ Allen P. Burke, MC, USAF; Leslie H. Sobin, MD; Birgitte H. Federspiel, MD; 


LTC Kris M. Shekitka, MC, USAF; Elson B. Helwig, MD 


e Ninety-nine carcinoid tumors of 
the duodenum were studied. Seven- 
ty-seven patients were followed up 
for a mean period of 65 months, 20 
tumors were autopsy findings, and 
two patients were unavailable for fol- 
low-up. Sixteen tumors (21%) pro- 
duced metastases, all discovered ini- 
tially; 3 patients (4%) died from 
metastatic disease (mean survival, 37 
months postoperatively). Features 
associated with metastatic risk were 
involvement of muscularis propria, 
size greater than 2 cm, and the pres- 
ence of mitotic figures. For 51 tu- 
mors, there was no correlation be- 
tween immunohistochemical soma- 
tostatin and history of diarrhea, 
cholelithiasis, or diabetes mellitus 
(somatostatin syndrome). Five tu- 
mors were associated with Zollinger- 
Ellison syndrome and had immuno- 
histochemical gastrin, but in the 
others there was no correlation be- 
tween ulcer disease and gastrin posi- 
tivity. Duodenal carcinoids are indo- 
lent, especially when small and 
localized to the submucosa. Immuno- 
histochemical identification of soma- 
tostatin and gastrin has little clinical 
relevance. 

(Arch Pathol Lab Med. 1990;114: 
700-704) 


arcinoids that arise in the duode- 
num are rare, and for this reason 
are sometimes diseussed with other 
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small-bowel carcinoids.'’ Unlike carci- 
noids of the jejunum and ileum, duode- 
nal carcinoids are often discovered 
endoscopically. Little follow-up in- 
formation is available on patients with 
duodenal carcinoids,** especially those 
who have had endoscopic biopsy only. 
The purpose of this study is to deter- 
mine which pathologic parameters are 
predictors of metastasis, to help direct 
management of patients with duodenal 
carcinoids, including those with endo- 
scopically biopsied tumors. 

Duodenal carcinoids differ further 
from carcinoids of the jejunum and ile- 
um in that they are associated with Zol- 
linger-Ellison syndrome (ZE),*** often 
demonstrate immunohistochemical so- 
matostatin,’ and rarely cause the carci- 
noid syndrome.*”’ An additional goal of 
this study was to compare the presence 
of immunohistochemical gastrin and so- 
matostatin with clinical signs and symp- 
toms of gastrin and somatostatin secre- 
tion to determine if immunohisto- 
chemical stains are clinically relevant. 


MATERIALS AND METHODS 


Between 1970 and 1986, 110 carcinoids of 
the duodenum were accessioned to the 
Armed Forces Institute of Pathology, Wash- 
ington, DC. The diagnosis was based on 
light-microscopic World Health Organiza- 
tion, Geneva, Switzerland, histologic crite- 
ria.” We have recently reported the immu- 
nohistochemical findings of 65 of these 
tumors and have shown that they have a 
distinct immunohistochemical profile.’ We 
have subsequently acquired detailed clinical 
and/or follow-up data on 51 of the previously 
presented patients and an additional 44 
cases. Our previous article’ tabulated posi- 
tive immunohistochemical reactions to de- 
termine specificity of endocrine markers for 
these tumors and to correlate psammoma 
bodies with somatostatin positivity and von 
Recklinghausen disease (vRD). In contrast, 
this article presents follow-up data, and de- 


scribes immunohistochemical data only as 
they relate to clinical syndrome associated 
with overproduction of gastrin and somatos- 
tatin. These hormones were demonstrated 
immunohistochemically in a large number of 
cases.’ 

Follow-up consisted of hospital records, 
questionnaires (with specific emphasis on 
preoperative symptoms of peptic ulcer dis- 
ease, diarrhea, cholelithiasis, and diabetes 
mellitus), and Tumor Board requests. Cases 
were included for study if adequate clinical 
information was available. This was defined 
as an operative report and results of abdomi- 
nal computed tomography and liver spleen 
scans to assess the presence of metastases, a 
minimum of 2-year follow-up, or autopsy 
protocol. 

Immunohistochemical stains were per- 
formed by standard techniques’ on 51 tu- 
mors for which paraffin-embedded blocks 
were available. Polyclonal antisera against 
somatostatin (neat, purified) and N-gastrin 
(1:400 dilution) were obtained from IneStar 
Corp (San Diego, Calif). All stains were per- 
formed with appropriate positive and nega- 
tive controls run in parallel. Positive control 
for somatostatin was normal pancreas; con- 
trol for N-gastrin was a section of normal 
duodenum. The N-gastrin antibody was di- 
rected against the 16-amino acid fragment of 
34 gastrin (big gastrin), and shows no cross- 
reactivity with the C-terminal gastrin-17, lit- 
tle gastrin (communication from technical 
staff, IncStar Corp). Specificities of all re- 
agents were determined by the manufactur- 
ers. Mitotic counts were performed on 5-~m 
sections using a 40-power objective (490-um- 
field diameter). 

Seventy-two cases were sent from civilian, 
16 from military, and 11 from Veterans Af- 
fairs pathologists. Pathologic parameters 
were compared with the presence of meta- 
static disease by means of 2 x 2 contingency 
tables (Fisher’s Exact Test). 


RESULTS 
Clinical and Pathologic Data 


Fifty-nine patients were male and 40 
were female. The age range was 33 to 90 
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years (mean, 59 years). The presenting 
symptom or sign was abdominal pain 
(34), upper gastrointestinal tract bleed- 
ing (11), jaundice (7), anemia (5), lower 
gastrointestinal tract bleeding (4), vom- 
iting (4), gastritis (3), duodenal obstruc- 
tion (1), and diarrhea (1). Twenty tu- 
mors were found initially at autopsy: in 
1, alarge tumor contributed to the cause 
of death by ulcerating and bleeding; in 
the remainder, the carcinoid was inci- 
dental. Six tumors were discovered at 
cholecystectomy, and 4 were detected 
during workup for other malignancies 
(gastric carcinoma, esophageal squa- 
mous carcinoma, colon carcinoma). Two 
were identified during a familial work- 
up; these patients and the proband have 
been published separately.” The size of 
the tumor was known in 96 cases, 
ranged from 0.2 to 5.0 cm, and averaged 
1.8cm. Thirty-four tumors were located 
in the first part, 41 in the second part, 2 
in the third part, and 2 in the fourth part 
of the duodenum. In the remaining 20 
tumors, exact location in the duodenum 
was not recorded. Thirteen tumors 
were multiple, 5 in women and 8 in men. 
The histologic pattern was usually a 
mixture of glandular, solid, insular, and 
occasionally trabecular structures. Fif- 
teen tumors contained a number of 
psammoma bodies; 14 of these were in 
the second part of the duodenum, and 
were largely glandular. Fifteen tumors 
in the second part of the duodenum were 
specifically located in the ampulla. Of 
these, 6 patients had vRD and 7 tumors 
had psammoma bodies. Ninety-one tu- 
mors had fewer than one mitosis per 10 
high-power fields; 8 had mitotic rates of 
between one and three per 10 high-pow- 
er fields. One tumor had small areas of 
necrosis. For 79 tumors depth of inva- 
sion could be assessed on the basis of the 
histologic material available for study. 
Thirty-nine were confined to the sub- 
mucosa (Fig 1), and 40 involved the 
muscularis propria (Fig 2). Of 51 tumors 
studied immunohistochemically, 25 
were somatostatin positive, and 26 
were gastrin positive. Three tumors 
were positive for both somatostatin and 
gastrin. 


Follow-up Data (79 Surgical Patients) 
In 41 patients, the initial diagnosis 


was made by endoscopic biopsy. Of 
these patients, 12 were followed up 
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Fig 1.—Duodenal carcinoid tumor. Circumscribed 2-cm tumor that does not infiltrate muscularis 
propria ( x 4). 
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Fig 2.— Duodenal carcinoid tumor. Tumor infiltrates muscularis propria ( x 150). 


without further resection. They were 
followed up for an average of 37 months. 
Endoscopically estimated tumor size 
ranged from 0.4 to 5.0 cm. Of these 12 
patients, 11 were alive and well and 1 
(with the 5-em tumor) died at 23 months 
from alcoholic cirrhosis. 

Thirty-eight patients were treated 
initially by surgery without preoper- 


ative biopsy diagnosis, and 29 patients 
were operated on after endoscopic biop- 
sy. Of these 67 patients, 36 underwent 
open excision (shelling out of tumor 
without enteroenterostomy); 31 were 
treated with sleeve resections, 7 of 
whom required partial pancreatectomy 
in addition. No patient with resection 
developed recurrence at the anastomot- 
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ic site. There was no evidence of muco- 
sal recurrence in 34 patients with open 
biopsy; 2 patients with large tumors un- 
derwent a biopsy without attempt at 
excision, and subsequently died of tu- 
mor hemorrhage. 

Seventy-seven patients were fol- 
lowed up for a mean of 65 months: 45 
(58%) were alive and well (mean follow- 
up, 53 months); 13 (17%) died of other 
causes (mean follow-up, 60 months); 2 
died of postoperative complications (1 
after a Whipple’ procedure, and 1 after 
attempted open biopsy), and 1 of tumor 
hemorrhage (10 months postoperative- 
ly). Sixteen patients had metastases 
(20.8%; mean follow-up, 76 months); of 
these, 3 died from metastatic disease. 
All metastases were discovered at ini- 
tial workup or at initial surgery. Mortal- 
ity was 5.3% of all patients in the follow- 
up group, including the additional 1 who 
died from tumor hemorrhage. Patholog- 
ic data, treatment information, and fol- 
low-up for those patients with metasta- 
ses are presented in Table 1. 


Correlation of Clinicopathologic 
Parameters With Outcome 


The presence of metastases was com- 
pared with age, tumor size, mitotic ac- 
tivity, and depth of invasion for all pa- 
tients as well as a subset with at least 24 
months follow-up (49 patients). Inva- 
sion into the muscularis propria, size, 
and mitotie activity correlated with 
metastatic spread; the first carried the 
strongest statistical significance (Table 
2). The average age at time of presenta- 
tion of patients with metastatic disease 
was 52 years; the average age of pa- 
tients without metastatic disease was 
60 years. 

No tumor smaller than 1 em metasta- 
sized; only one tumor confined to the 
submucosa metastasized to regional 
lymph nodes. Eight of 24 tumors larger 
than 2 cm metastasized, as did 14 of 40 
tumors invading the muscularis pro- 
pria. 


Associated Tumors and Conditions 


Twenty-eight patients had malignan- 
cies other than their carcinoids (Table 
3). Seven patients had vRD; all of these 
tumors were periampullary and soma- 
tostatin positive, and 5 had psammoma 
bodies. Five patients had elevated se- 
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Table 1.—Duodenal Carcinoids: Patients With Metastases * 


10 hpf No. Metastases 


(0) 1 Lymph nodes NED / resection 
Present 3.0 0 1 Lymph nodes 13t NED / resection 
Present 4.5 0 1 Mesentery 359 NED / biopsy 
Present 2.0 0 1 Lymph nodes 22 NED / biopsy 
Present 4.0 2 1 Lymph nodes 28 NED / resection 
Present 1.0 0 1 Lymph nodes 6 NED /resection 
Present 3.0 0 1 Liver, lymph 99t DOC /biopsy 
nodes 
Present 3.0 1 1 Lymph nodes 1 DOC /resection 
Present 2.0 (0) 1 Lymph nodes 63 DOC, NED / biopsy 
Present 3.0 0 1 Lymph nodes 2 DOC, NED/resection 
Present 3.0 0 3 Liver, lymph 49 AWD / biopsy 
nodes 
Present 2.0 1 1 Liver 1854 AWD/ resection, acid 
suppressors 
Present 1.5 0 2 Lymph nodes 53% AWD/resection, acid 
suppressors 
Present 1.3 1 1 Liver 22 DOD / biopsy 
Present 2.0 4 1 Liver, lymph 36 DOD / 5-fluorouracil, 
nodes§ streptozotocin, 
RT, dacarbazine, 
resection 
Present 3.0 0 1 Liver, lymph 52 DOD / dacarbazine, 
nodes, lung doxorubicin 
(Adriamycin), 
streptozotocin, 





Outcome 
Treatment 


Months 
Follow-up 



































5-fluorouracil biopsy 





*The mean age was 53 years; 8 patients were male and 8 patients were female; hpf indicates high-power 
field; RT, radiation therapy; NED, no evidence of carcinoid; DOD, dead of carcinoid; DOC, dead other causes; 


and AWD, alive with carcinoid. 
tVon Recklinghausen disease. 
tZollinger-Ellison syndrome. 


§Supraciavicular lymph nodes; other lymph nodes were regional. 


Table 2.—Duodenal Carcinoids: Risk Factors for Metastasis * 


Metastasis 


Confined to submucosa 
Involvement of MP 
Smaller or equal to 2 cmt 
Larger than 2 cm 

No mitosis 

Mitoses 


No Metastasis 





* MP indicates muscularis propria. Size of tumor was known for 96 tumors; level of invasion was known in 
79 tumors; and mitotic rate was measured for all 99 tumors. 
tFor a cutoff of 1 or 1.5 cm, the P values were .006 and .005, respectively. 


rum gastrin levels and recurrent peptic 
ulcers (ZE); the 5 tumors from these 
patients had only scattered gastrin posi- 
tive cells (Fig 3). Two tumors were dis- 
covered initially at autopsy, were not 
grossly evident at prosection, and did 
not have evidence of metastatic spread. 
These 2 patients died of a gunshot 
wound and postoperative complications 
for ulcer surgery, respectively. Two ad- 
ditional patients with ZE syndrome had 
metastatic disease (Table 1); the fifth 
patient was alive and free from metasta- 
ses 191 months after resection of her 
tumor. Fourteen additional patients 
had preoperative peptic ulcers without 
documented hypergastrinemia. Ex- 
cluding patients with ZE syndrome, 


there was no correlation between a pre- 
operative history of ulcer disease and 
immunohistochemical gastrin (Table 4). 
The extent and strength of gastrin 
staining was no different in tumors from 
patients with ZE syndrome or ulcer dis- 
ease compared with those in patients 
without such a history. 

Results of serum or urine 5 hydrox- 
yindolacetic acid measurements were 
available in 23 patients. One had a bor- 
derline urinary value without definite 
carcinoid syndrome clinically; the oth- 
ers had normal values. One patient had 
severe watery diarrhea preoperatively; 
one had a possible history of flushing, 
but serum 5 hydroxyindolacetic acid 
levels were not elevated. 
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Table 3.—Duodenal Carcinoids 
Associated Tumors and Conditions 


Epithelial tumors 
Adenocarcinoma 
Colorectum 
Stomach 
Lung 
Prostate 
metastatic) 
Squamous carcinoma 
Lung 
Esophagus 
Cervix (metastatic) 
Oral mucosa 


Colorectal adenomas 
Oat cell carcinoma, lung 
Multiple gastric 
hyperplastic polyps 
Endocrine proliferations 
Parathyroid hyperplasia 
Metastatic 
pheochromocytoma 
Adrenal cortical 
hyperplasia 
Nodular goiter 
lleal carcinoid 
Rectal carcinoid 
Pulmonary carcinoid 
Zollinger-Ellison synrome 
Von Recklinghausen 
disease 
Neurofibrosarcoma, 
metastatic 
Prostatic sarcoma 
Other 
Astrocytoma 
Malignant lymphoma, 
FCC type 
Peptic ulcers (no proof 
of Zollinger-Ellison 
syndrome) 
Hepatic angiomas 
Meningioma 
Gastric leiomyoma 
Cystic thymoma 
Uterine leiomyoma 





*This patient had no evidence of neurofibromas or 
café au lait spots. 


Thirteen patients had diabetes melli- 
tus; for 2, it was attributed to postoper- 
ative pancreatic insufficiency. Fifteen 
patients had cholelithiasis at the time of 
surgery; 5 had had cholecystectomies 
for stones more than 5 years previously. 
In 4 patients the admitting diagnosis 
included diarrhea, There was no corre- 
lation between somatostatin positivity 
and the components of the somatostatin 
syndrome: diabetes, cholelithiasis, or 
diarrhea (Table 5). 


COMMENT 


Because the behavior of gastrointes- 
tinal carcinoid tumors is unpredictable, 
some investigators have advocated sur- 
gical resection for all, including those of 
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antiperoxidase, x 150). 


Table 4.—Duodenal Carcinoids: 
Correlation of Immunohistochemical 
Gastrin and Peptic Ulcer Disease * 


Gastrin 
Negative 


Gastrin 
Positive 


Peptic ulcer 
disease 

No peptic ulcer 
disease 





* Patients with Zollinger-Ellison syndrome were ex- 
cluded. 


the small bowel.*” The use of endoscopy 
has led to the increased diagnosis of inci- 
dental duodenal carcinoids, many of 
which are difficult to resect surgically 
because of proximity to the ampulla. 
Prognostic features associated with me- 
tastasis have been identified for gastro- 
intestinal carcinoid tumors, and include 
size and infiltration of the muscularis 
propria. ”* We have shown that al- 
though rectal carcinoids metastasize 
less frequently than those of the duode- 
num, size, mitotic rate, and depth of 
invasion are reliable signs of metastatic 
potential.” In this study, we have dem- 
onstrated that these features are signif- 
icantly associated with metastatic dis- 
ease for duodenal carcinoids as well. 
Indeed, only one tumor without in- 
volvement of the muscularis propria, 


Ei Sd A f" 
A! y Pa a > eS? < : ze ‘ he a r d `, ) A $ 
Eee na at ARE VE ES E DO O EEIN D S AT aA OTN ET E TEE SW REN POE re ee 


ee E N PET re os si 


Table 5.—Correiation of 
Immunohistochemical Somatostatin 
and History of Diabetes, 
Cholelithiasis, and Diarrhea 


Somatostatin Somatostatin 
Positive Negative 


Diabetes mellitus 

No diabetes 
mellitus 

Cholelithiasis 

No cholelithiasis 

History of 
diarrhea 

No history of 
diarrhea 





and none smaller than 1 cm metas- 
tasized. 

Our follow-up data have important 
implications for endoscopically diag- 
nosed tumors and thosenot amenable to 
surgery. All of our patients who had 
endoscopy without further surgery 
have not suffered ill effects from their 
disease. We believe that if the patient’s 
condition and location of tumor preclude 
surgical removal, endoscopic treatment 
of duodenal carcinoids that are under 
1 cm in size or confined to the submucosa 
can be acceptable, especially if mitoses 
are absent. 

The association between duodenal 
carcinoids and vRD has been amply do- 
cumented.””’ Carcinoid tumors in these 
patients are ampullary in location, often 
have psammoma bodies, and contain 
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somatostatin immunohistochemical- 
ly.""*"* There is no ready explanation 
why patients with vRD develop carci- 
noid tumors almost exclusively in the 
ampulla, nor for the high frequency of 
vRDin patients with duodenal carcinoid 
tumors. We have feund that 7% of pa- 
tients with duodenal carcinoids have 
vRD, and nearly 59% of patients with 
ampullary carcincics have vRD. There- 
fore, in patients with ampullary carci- 
noid tumors, vRD should be clinically 
ruled out; conversely, if a patient with 
vRD develops jaundice, an ampullary 
carcinoid tumor should be strongly con- 
sidered.” Pheochromocytomas have 
also been described in patients with du- 
odenal carcinoids and neurofibromato- 
sis”; the single pheochromocytoma in 
our series was in a patient without neu- 
rofibromas. This patient may have a 
forme fruste of vR D. 

Although most patients with ZE syn- 
drome have islet cell tumors of the pan- 
creas, approximate_y 10% have duode- 
nal carcinoids.’ In our series of duodenal 
carcinoids, 5% hac documented ZE syn- 
drome. The total proportion of patients 
with peptic ulcer disease (18%) was low- 
er in our patients zhan in two earlier 
series of duodenal carcinoids," in which 
8 of 21 and 4 of 12, respectively, had ZE 
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syndrome. This may be due to the in- 
creased use of endoscopy, resulting in 
the discovery of more incidental tu- 
mors. We were unable to show a corre- 
lation between the presence or strength 
of immunohistochemical gastrin and a 
history of ulcers; this may in parz reflect 
the antiserum used to detect gastrin in 
the tumor tissue. We employed the 
N-gastrin antiserum that detects big 
gastrin, which is biologically less active 
than gastrin-17.” Another possible ex- 
planation for the lack of correlation be- 
tween symptoms and immunoh:stoche- 
mical findings is that tumors can excrete 
high levels of hormone with little cyto- 
plasmic storage.” The limitations of im- 
munohistochemistry in evaluating hor- 
monal production may eventually be 
overcome by concomitant use of RNA in 
situ hybridization, which has the poten- 
tial for determining polypeptide 
synthesis. 

The somatostatinoma syndrome (dia- 
betes mellitus, diarrhea, cholelithiasis) 
can be a manifestation of pancreatic islet 
cell tumors,” but it is not an ebvious 
feature of somatostatin containing duo- 
denal carcinoids. None of the patients in 
our series presented with the classic tri- 
ad. Somatostatin serum levels were not 
drawn on any of the patients. We com- 
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Fine-Needle Aspiration Cytology of Malignant 


Hemangiopericytomas With Ultrastructural 


and Flow Cytometric Analyses 


Kim R. Geisinger, MD; Jan F. Silverman, MD; James O. Cappellari, MD; David J. Dabbs, MD 


e A hemangiopericytoma (HPC) is 
an uncommon soft-tissue neoplasm 
that may arise in many body sites. 
The cytologic features of fine-needle 
aspirates (FNAs) of HPCs have only 
rarely been described in the litera- 
ture. We examined FNAs of malignant 
HPCs from the head and neck region 
(three) and the retroperitoneum (one) 
in four adults (aged 38 to 83 years). All 
four FNAs yielded cellular specimens 
that consisted of uninuclear tumor 
cells with high nuclear-cytoplasmic 
ratios. The cytomorphological spec- 
trum included nuclei that were oval to 
elongate and had very finely granu- 
lar, evenly distributed chromatin with 
one or two small but distinct nucle- 
oli. Hemangiopericytomas yield aspi- 
rates that may be considered malig- 


s a diagnostic technique, fine-nee- 
dle aspiration (FNA) has become 
accepted by many physicians and con- 
tinues to enjoy growing popularity. Yet 
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nant and may suggest sarcoma. His- 
tologically, all four neoplasms man- 
ifested high mitotic activity. The ul- 
trastructural features of all four tu- 
mors were supportive of the diagno- 
sis of HPC. Although a specific 
primary diagnosis of HPC on FNA ofa 
soft-tissue mass is unlikely, cytolog- 
ic analysis may allow diagnosis of 
recurrent or metastatic HPC. We were 
able to perform flow cytometric deter- 
minations of tumor DNA content on 
three of the resected neoplasms. In 
two, an aneuploid pattern was found, 
including the neoplasm with the most 
marked pleomorphism in the FNA. 
The third was diploid. 

(Arch Pathol Lab Med. 1990;114: 
705-710) 


its application in the primary diagnosis 
of soft-tissue lesions has seen only limit- 
ed utility.’ In part, this is due to the 
relative infrequency of clinically signifi- 
cant soft-tissue tumors and to the diffi- 
culty in diagnosing certain soft-tissue 
lesions, even with histologic examina- 
tion. This includes both differentiation 
of benign from malignant mesenchymal 
proliferations and determination of the 
exact histogenesis or cell type. 
Malignant hemangiopericytomas 
(HPCs) are uncommon soft-tissue sar- 
comas that generally occur in adult pa- 
tients as mass lesions without specific 


clinical or radiographic features.” 
They arise most often in the lower ex- 
tremities, the pelvis, and the retroperi- 
toneum, but also occur with some fre- 
quency in the head and neck region. The 
individual tumor cells of HPC do not 
have distinguishing morphological fea- 
tures on either histologic examination 
or immunohistochemical analysis. Ul- 
trastructural examination often lends a 
degree of specificity to this diagnosis.” 
Histologic criteria predicting a malig- 
nant biologic potential include brisk mi- 
totic aetivity, cellular pleomorphism, 
and tumor necrosis. *"” 

Only rare cytomorphological descrip- 
tions of HPC in FNA specimens ex- 
ist." We present the aspiration cyto- 
logic features of four malignant HPCs, 
all of which had ultrastructural confir- 
mation. In addition, we report the DNA 
content of the neoplastic cells; we are 
unaware of any such similar report. 


PATIENTS AND METHODS 


The clinical features of the patients are 
summarized in Table 1. In patients 2 through 
4, the FNAs were obtained from superficial 
masses using a 21- or 22-gauge needle. In 
patient 1, FNA was performed under com- 
puted tomographic guidance. In all cases, 
direct smears of the aspirated material were 
made by routine methods. Approximately 
one half of the slides were air-dried and 
stained promptly with Diff-Quik. The other 
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slides were immediately fixed in ethanol and 
stained by the Papanicolaou technique. At 
least four slides were available in all cases. 

Surgically obtained tissue was processed 
for histologic examination by routine meth- 
ods. Tumor for transmission electron micros- 
copy was fixed initially in glutaraldehyde and 
processed routinely.” 

Nuclear suspensions for flow cytometric 
analysis were prepared from the three tu- 
mors for which adequate tissue was available 
by a modification of Hedley’s procedure.“ 
Briefly, three conseeutive 50-um sections 
were obtained from one paraffin-embedded 
block of each tumor Also, 5-um sections 
bracketing each set ef the thicker sections 
served as histologic controls. The thicker 
sections from each tumor were placed in a 
single cassette and deparaffinized using 
Fisher’s Hemo-DE. Subsequently, the sec- 
tions were rehydrated using a series of grad- 
ed alcohols (100%, 95%, 70%, and 50%) and 
washed twice with distilled water. The sec- 
tions were then finely minced and trans- 
ferred to a glass test tube tc which 1 mL of 
0.5% pepsin, titrated to a pH of 1.55 with 
hydrochloric acid, was added. The specimens 
were incubated in a 37°C shaker water bath 
for 45 minutes and subjected to intermittent 
vortexing. The resulting suspension was 
washed twice in phosphate-buffered saline. 
The resulting pellet was stained with 3.4 
mmol/L citrate buffer (pH, 7.5) containing 50 
g/mL propidium iodide, 0.6% NP-40, 37 
g/mL ribonuclease, and 0.01 mol/L sodium 
chloride. The suspension was passed through 
a 80-um nylon mesh prior to analysis. 

Analysis of DNA content was performed 
using a flow cytometer (FACS Analyzer, 
Becton-Dickinson, Mountain View, Calif) 
that employs a mercury arc lamp as its exci- 
tation source. Excitation occurred over the 
range of 474 to 496 nm. The emitted light was 
analyzed for forward and right angle light 
scatter and red fluorescence (565 to 625 nm), 
The samples were not gated and 20000 
events were analyzed. Lymphocytes from a 
benign paraffin-embedded lymph node were 
used as an external diploid control. The DNA 


Table 1.—Clinical Features of 
Patients With Kemangiopericytoma 


Patient No. / 
Age, y/ 
Sex/Race 
1/83/M/W 






Signs and Symptoms 
Ascites, anemia, 
setroperitoneal mass 













2/79/F/W Ptosis, orbital mass 

3/66/F/B Rapidly enlarging thyroid 
mass 

4/38/M/W Rapidly enlarging neck 






mass, metastases on 
chest roentgenogram 





index was calculated as the ratio of the mode 
of the tumor G,, peak to the mode of the 
diploid G, peak. A DNA index of 1.0+0.1 
was aecepted as diploid. Cell cycle analysis 
was performed using area fit analysis. The 
proliferative index was defined as tae sum of 
PS + %G,-M fractions. 


RESULTS 


Three of the four aspirates were very 
cellular; the fourth was moderately cel- 
lular (Table 2). All four included various 
admixtures of tissue fragments, loose 
cellular aggregates, and individual tu- 
mor cells (Fig 1). The fragments were 
irregularly shaped and consisted of 
densely packed tumor cells. Capillary- 
like blood vessels coursed through 
many of the fragments, especially the 
larger ones (Figs 1 and 2). This pattern 
was visible in both the Papanicolaou- 
and Diff-Quik-stained smears. As im- 
mediate alcohol fixation may allow cells 
to retain their natural configurations 
more readily than air-drying will, a 
greater contrast in cellular shapes be- 
tween the neoplastic elements and the 
endothelial cells was apparent with the 
Papanicolaou stain; the latter were 
more elongated and slender than the 
tumor cells. Air-drying, on the other 
hand, accentuates differences in cellular 
sizes so a greater contrast in this regard 
between the two cell types was recog- 
nized in the Diff-Quik preparations. At 
times, jagged and cleft-shaped spaces 
were evident, and occasionally ap- 
peared to be lined by endothelial cells. 
Yet, staghorn-shaped blood vessels 
were not well developed. 

Large areas of the smears were often 
occupied by monolayers of loose y cohe- 
sive and solitary tumor cells (Fig 3). 
Individual tumor cells were mononucle- 
ar with very high nuclear-cytoplasmic 
ratios (Fig 4). In twe tumors, the neo- 
plastic elements were quite uniform 





1 2 
2 Left orbit 2 


Table 2.—Features of Hemangiopericytoma (HPC) * 


Site of Size of Mitotic 
Primary HPC Primary Figures Original FNA 
Patient No. and FNA Tumor, cm per 10 HPFt Diagnosis 


Retroperitoneum 1 4 Adenocarcinoma 


3 Thyroid 8 6 Anaplastic carcinoma 
4 Posterior neck area ? 11 Recurrent HPC 


with oval to somewhat elongate nuclei 
with smooth borders. Moderate nucle- 
ar pleomorphism, including frequent 
notches and convolutions, characterized 
the other two, yet an ovoid configura- 
tion was pervasive (Fig 4). Pleomor- 
phism in cellular size is more readily 
appreciated in the air-dried smears. 
Chromatin was finely granular to pow- 
dery and evenly distributed. One or two 
small but distinct nucleoli typically 
were evident. Mitotic figures were 
present in the aspirates of all four tu- 
mors. The cytoplasm was scanty, pale 
staining, and fragile. Vacuoles were ob- 
vious focally within the cytoplasm of the 
cells from two tumors. Another had 
cells with obvious focal cytoplasmic 
granularity. Cellular borders were vari- 
ably evident. 

All specimens also had small multicel- 
lular aggregates, often with a three-di- 
mensional quality. Some resembled aci- 
nar or glandular structures, especially 
in the FNA from patient 1. Others were 
composed of spindle-shaped tumor cells 
with elongated nuclei and were orga- 
nized in a concentric whorling or peri- 
thelial manner. 

Histologically, all four tumors had 
large areas that were densely cellular 
and composed of relatively uniform-ap- 
pearing mononucleated tumor cells. In 
two tumors, the neoplastic elements 
were predominantly ovoid, whereas a 
spindle configuration was more promi- 
nent in the other two. A perithelial ar- 
ray was focally present in all four tu- 
mors. In one, this created a striking 
resemblance to a Zellballen pattern. In 
three cases, staghorn-shaped vessels 
were well developed. Although most 
unusual, the sarcoma in patient 3 re- 
placed thyroid parenchyma and ap- 
peared to bea primary thyroid sarcoma. 

By electron microscopy, all four neo- 
plasms were composed of densely 







13 Malignant small-cell nonlym- 
phoreticular tumor 
(probably sarcoma) 







* FNA indicates fine-needle aspiration; MPF, high-power field. 
tin the microscope that was used, the area of the HPF is 1.92 mm?. 
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Fig 1.—Top, This cellular fine-needle aspirate includes aggregates of 
loosely cohesive and solitary tumor cells as well as large tissue 
fragments. The latter include a large vessel lined by endothelium 
distinct from the surrounding tumor cells (Papanicolaou, origi- 
nal magnification x 100). Bottom, Coursing through this cellular ag- 
gregate is a large vessel lined by elongated endothelial cells. The cells 
can be readily differentiated from the surrounding neoplastic pericytes 
(Papanicolaou, original magnification x 250). 





Fig 3.—A monolayer of very uniform mononucleated neoplastic cells 
with very high nuclear-cytoplasmic ratios appear cohesive but are not 
arrayed in any particular pattern (Diff-Quik, original magnification 
x 100). 
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Fig 2.—Top, A large vessel is encased by uniform tumor cells. Simi- 
lar-appearing neoplastic elements appear to be “falling off” 
the vessel (Diff-Quik, original magnification x 100). Bottom, Higher 
magnification shows two cell types. The larger tumor cells have oval 
nuclei and little in the way of visible cytoplasm. The smaller, more 
slender endothelial cells line the vessel; individual cells may also be 
present free of the vessel wall and admixed with the tumor cells (Diff- 
Quik, original magnification x 400). 





Fig 4.—This loosely cohesive aggregate consists of tumor cells with a 
single nucleus with small yet evident nucleoli. The irregular nuclear 
contours include notches and lobulations. The cytoplasm is indistinct 
(Papanicolaou, original magnification x 400). 
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are made, intercellular junctions are not evident. Focally, basal lamina—like material is scattered among the tumor cells. 
Note the distinct basal lamina (X) separating the capillary from the pericytes. Nu indicates a pericytic nucleus (uranyl 
acetate—lead citrate, original magnification x 9000). 


packed mesenchymal elements. The or- 
bital tumor from patient 2 was uniform- 
ly composed of relatively primitive 
mononucleated cells that were concen- 
trically arrayed about capillarylike 
blood vessels (Fig 5). Their nuclei were 
encased by a thin shell of nondescript 
cytoplasms from which emanated two 
or more long, delicate, branching pro- 
cesses. Within these dencritelike pro- 
cesses, short bundles of filaments were 
seen. Numerous intercellular contacts 
were made among these processes, usu- 
ally without any evidence of structural 
junctions. The basal lamina was diffuse 
but discontinuous. This corresponds to 
the type A pattern described by Batti- 
fora.” Ultrastructurally, the other 
three neoplasms were predominated by 
larger, plumper cells with less well-de- 
veloped cellular precesses; the latter 
were shorter, broader, and apparently 


less complex. Intercellular junctions 
were sparse and not well developed. In 
some cells, the cyteplasm contained 
greater volumes of organelles, especial- 
ly rough endoplasmic reticulum. Cyto- 
plasmic filaments were evident in all 
cases. The neoplasms from patients 1, 3, 
and 4 corresponded most closely to Bat- 
tifora type B neoplasms. Type A devel- 
opment was definitely present in the 
neoplastic tissue from patients 1 and 3 
and was strongly suggested in patient 
4’s neoplasm. 

The tumor cells from patients 1 and 3 
were aneuploid with DNA index values 
of 1.7 and 1.3, respectively. The tumor 
cells from patient 2 were diploid with a 
slight right-sided shoulder after the ad- 
dition of benign lymphocytes; this could 
be due to a staining artifact. The prolif- 
erative indexes were 9.7%, 8.0%, and 
8.9% for patients 1, 2, and 3, respective- 
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ly. The mean coefficient of variation of 
the diploid peaks was 4.5, and the mean 
coefficient of variation of the tumor G,,, 
peaks was 7.1. 


COMMENT 


Hemangiopericytomas comprise a 
group of benign and malignant soft-tis- 
sue tumors that may arise in almost all 
body sites.*"’ One fourth to one third of 
all HPCs arise in the lower extremities, 
especially the thigh. Approximately 
10% to 25% are primary retroperitoneal 
tumors. An additional 10% to 16% arise 
in the head and neck region. Hemangio- 
pericytomas occur predominantly in 
adults, with a relatively equal sex distri- 
bution. The majority of patients present 
with an enlarging mass lesion that may 
or may not be associated with pain. 

Although not pathognomonic, the his- 
tologic hallmarks of HPCs include a rel- 
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atively uniform population of mesen- 
chymal tumor cells intimately arranged 
about a prominent vascular network, 
which includes irregularly shaped, di- 
lated sinusoidal vessels. A major prob- 
lem for the surgical pathologist in many 
instances is the inability to render an 
accurate assessment of the tumor’s bio- 
logic potential." No single histologic 
feature or constellation of microscopic 
findings provides universally agreed on 
prognostic criteria. Consequently, the 
authors of some of the larger published 
series have included a borderline cate- 
gory of HPCs.” Among the features 
that contribute to borderline or malig- 
nant diagnoses are the presence of mod- 
erate cellular pleomorphism, more than 
slight mitotic activity, tumor necrosis, 
and a high level of cellularity. The latter 
may lead to compression of some of the 
vascular lumina to the point that they 
are difficult to recognize. McMaster et 
al’ stated that tumor cell configuration 
converted from spindled to ovoid and 
plump in the borderline and malignant 
categories. All four tumors in our series 
ean be classified as malignant based on 
their high cellularity, brisk mitotic ac- 
tivity, and necrosis. In addition, moder- 
ate pleomorphism was present in two 
cases. 

Specific ultrastructural features that 
identify tumor cells as showing definite 
pericytic differentiation do not occur. 
Yet, in a neoplasm with the light micro- 
scopic appearance of an HPC, the con- 
stellation cells with delicate, complex 
processes, prominent basal lamina 
about individual tumor cells, pinocytic 
vesicles, and cytoplasmic filaments are 
strongly supportive of such an interpre- 
tation." These electron microscopic 
features were seen in all the cells exam- 
ined from patient 2. These tumor cells 
were intimately arrayed about 
capillarylike vessels, but were sepa- 
rated from the latter by an intact basal 
lamina. Their long, thin cytoplasmic 
processes demonstrated complex inter- 
digitation and intertwining. Yet, de- 
spite numerous intercellular contacts, 
structural junctions were absent or 
primitive at best. Although a few cells 
had prominent but small aggregates of 
cytoplasmic filaments, their differentia- 
tion closely resembled the type A tu- 
mors described by Battifora.” The oth- 
er three tumors in our series included 
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occasional cells with the above men- 
tioned features and lacked structures 
indicative of other specific cell types, 
such as smooth-muscle elements. Neo- 
plastic cells were plumper with less 
well-developed cellular processes that 
were shorter, broader, and less com- 
plex appearing. Greater amounts of or- 
ganelles, especially rough endoplasmic 
reticulum, were present. These three 
cases correspond most closely to Batti- 
fora’ type B tumors. 

Whereas the popularity of aspiration 
cytology of many organs has acceler- 
ated recently in this country and else- 
where, experience with FNA of soft- 
tissue masses has been quite limited.” 
Most of the pertinent literature has 
originated in Scandinavia, and includes 
reports of large series with acceptable 
levels of diagnostic sensitivity and 
specificity. Rydholm et al' and Akerman 
et al’ recently discussed two HPCs in 
their publications from the University 
Hospital of Lund (Sweden). One well- 
differentiated malignant HPC was in- 
terpreted as a benign mesenchymal tu- 
mor on FNA; perhaps a more radical 
surgical procedure would have followed 
a malignant cytologic diagnosis, but the 
patient showed no evidence of residual 
tumor after long-term follow-up. The 
aspirate from a histologically benign 
HPC from another patient was cytologi- 
cally interpreted as a mesenchymal tu- 
mor, inconclusive as to its biologic po- 
tential. The FNA results were also 
recently described in the US pathology 
literature by Layfield et al.’ Their re- 
port of 136 soft-tissue lesions included 
two histologically confirmed malignant 
HPCs. One of these was correctly diag- 
nosed as such on the FNA; the other 
was cytologically interpreted as sarco- 
ma, not otherwise specified. The cyto- 
logic features of the HPCs were not de- 
scribed in any of the above mentioned 
cases. 

Two publications have specifically ad- 
dressed the cytomorphological features 
of aspirated HPCs.” Nickels and Koi- 
vuniemi™ reported their findings in five 
aspirated malignant HPCs, three of 
which were primary pulmonary neo- 
plasms and two of which were from the 
retroperitoneum. Malignant cells were 
present in three of their FNAs; they 
were characterized by large, irregular- 
ly shaped, hyperchromatic nuclei with 


well-developed nucleoli, scanty cyto- 
plasms, and mitotic figures. The cells 
from our two cases with moderate de- 
grees of pleomorphism probably corre- 
spond to these cases; the nuclear vari- 
ability in our cases was mostly of shape 
and not of size. Also, as in our material, 
tumor cells occurred in tissue fragments 
and as dispersed solitary elements. In- 
tercellular cohesion was greatest near 
vascular spaces and vessels. Nickels 
and Koivuniemi“ described the univer- 
sal occurrence of endothelial-lined nob- 
like projections of tumor cells. We were 
unable to identify such formations. 

Nguyen and Neifer” also did not de- 
scribe finding noblike projections. In 
their FNA report of two benign HPCs, 
uniform spindle-shaped tumor cells 
with benign chromatin patterns and in- 
conspicuous nucleoli were present. In 
some respects, these features were 
present in our other two neoplasms; 
they consisted of very uniform, mono- 
nucleated cells with an evenly distrib- 
uted chromatin pattern. Although the 
nucleoli were small, they were promi- 
nent, and the nuclei were more round 
to oval, rather than spindled and elon- 
gated, as described by Nguyen and 
Neifer.” Another important difference 
was the presence of mitotic figures in 
the aspirates from all our patients. The 
third case reported by Nguyen and 
Neifer” was a histologically malignant 
HPC; except for a larger size, the aspi- 
rated tumoral elements resembled 
those in the benign lesions, and a malig- 
nant tumor could not be diagnosed. 

As pointed out by Koss et al, an obvi- 
ous major purpose of FNA of primary 
soft-tissue tumors is to distinguish be- 
tween benign and malignant prolifera- 
tions. In addition, a histogenetic or cel- 
lular typing of tumers is desirable. 
Based on our own experience and that 
which has been previously published, 
we believe that most malignant HPCs 
yield aspirates that are cellular, and are 
composed of cells with high nuclear-cy- 
toplasmic ratios, mitotic figures, and 
mild to moderate pleomorphism. Often, 
this will permit an interpretation of a 
malignant neoplasm. However, as other 
authors have warned, this may not al- 
ways be possible.*”"*” Even when an 
HPC is well sampled histologically, its 
biologic potential is not always readily 
evident.*” 
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It may also be quite difficult to be 
certain that one is dealing with a mesen- 
chymal tumor; in our own early experi- 
ence, two of the primary neoplasms in 
our series were initially considered to be 
high-grade carcinomas in the FNA ma- 
terial. This especially may occur when 
an HPC arises in an unusual site such as 
the thyroid. However, the oval to elon- 
gate nuclear and cellular configurations 
point toward a mesenchymal differenti- 
ation. Other clues to such an interpreta- 
tion include a diffuse, very finely granu- 
lated chromatin pattern and smooth, 
delicate nuclear membranes. In addi- 
tion, intercellular cohesion but without 
evidence of epithelial differentiation is 
also suggestive of mesenchymal tumor. 
In one of our cases and in one previous 
report, focal acinuslike formations by 
the tumor cells have been seen, repre- 
senting a potential diagnostic pitfall.” 
We were not able to make a specific 
diagnosis of HPC in any of our aspirates 
of primary neoplasms, although HPC 
was included in the differential diagno- 
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sis of patient 2. We believe that enter- 
taining an interpretation of HPC in this 
situation is very difficult. Although 
Layfield et al* accurately diagnosed 
HPC in one patient, in most available 
reports the authors have not stated 
whether or not HPC was their initial 
cytologic diagnosis in the actual clinical 
setting. As reviewed by Enzinger and 
Weiss,’ a number of other soft-tissue 
tumors may include areas that histologi- 
cally mirror HPC in which tumor cells 
are intimately associated with large 
staghorn-shaped vessels. If the aspira- 
tion needle were to sample exclusively 
or predominantly such foci, then an in- 
correct interpretation might very well 
be rendered. On the other hand, in pa- 
tients with histologically documented 
HPC, we believe that FNA may be very 
valuable and accurate in confirming re- 
current or metastatic tumor.’ As with 
other situations, review of previous sur- 
gical pathologic material at the time of 
FNA may prove extremely helpful in 
the decision-making process. 
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Analyses of soft-tissue tumors by 
flow cytometry have only infrequently 
been reported.” DNA aneuploidy has 
been shown to correlate with tumor 
grade and possibly with mortality. We 
are unaware of published studies of 
HPC by flow cytometry. Although no 
firm conclusions should be drawn from 
our small series, the results suggest 
that DNA aneuploidy may be related to 
prognosis in HPC. In the two cases in 
our series that were clearly aneuploid 
(patients 1 and 3), the patients died only 
2 and 6 months, respectively, after diag- 
nosis. The tumor with the highest DNA 
index (patient 1) was the tumor with the 
greatest pleomorphism and the great- 
est dissemination. The patient whose 
tumor was diploid was alive 54 months 
after the diagnosis. The proliferative in- 
dexes in all three cases were less than 
10% and did not appear to be related to 
either ploidy or prognosis. 
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Detection of Epstein-Barr Virus Genomes 


in Archival Tissues by Polymerase 


Chain Reaction 


Stephen C. Peiper, MD; Jeffrey L. Myers, MD; Elaine E. Broussard, MT(ASCP); John W. Sixbey, MD 


èe We used oligonucleotide prim- 
ers designed from DNA sequences 
unique to the long internal direct re- 
peated region of Epstein-Barr virus 
(EBV) to enzymatically amplify this 
segment of the EBV genome in for- 
malin-fixed, paraffin-embedded tis- 
sues. The products amplified from 
EBV templates were detected by hy- 
bridization with a labeled probe spe- 
cific for this highly conserved, reiter- 
ated region. Epstein-Barr virus- 
related sequences were detected in 
the spleen of a patient with infectious 
mononucleosis, in lung and lymph 
node specimens from a patient with 
pulmonary manifestations of infec- 
tious mononucleosis, in various tis- 
sues from seven immunosuppressed 


pstein-Barr virus (EBV) is amem- 
ber of the herpesvirus family that 
both actively and latently infects lym- 
phoid cells. Epstein-Barr virus infec- 
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organ transplant recipients with im- 
munoproliferative disorders, and in 
small biopsy specimens from a pa- 
tient with nasopharyngeal carcino- 
ma. No viral sequences were de- 
tected in 20 histologically normal 
spleens or 10 lymph nodes. Polymer- 
ase chain reaction technology pro- 
vides an effective means for docu- 
menting EBV infection in archival 
tissues. This approach should facili- 
tate the diagnosis of posttransplant 
lymphoproliferative disorders and 
difficult cases of infectious mononu- 
cleosis and nasopharyngeal 
carcinoma. 

(Arch Pathol Lab Med. 1990;114: 
711-714) 


tion has been linked to various condi- 
tions, including infectious mono- 
nucleosis,™* posttransplant lympho- 
proliferative disorders (PTLDs),”” 
African Burkitt’s lymphoma,* nasopha- 
ryngeal carcinoma (NPC),’ and, most 
recently, Hodgkin’s disease.” The rep- 
ertoire of laboratory studies that can be 
used to detect EBV infection is limited, 
and diagnoses are often based on sero- 
logic evidence. Unique sequence probes 
from the Epstein-Barr virion are avail- 
able to detect viral genomes by in situ 
hybridization and Southern blot analy- 
sis.” The logistical aspects that hinder 
the application of these technologies to 


diagnostic situations, however, include 
limited sensitivity and the requirement 
for fresh tissues. The enzymatic amplifi- 
cation of DNA sequences by polymer- 
ase chain reaction (PCR) technology 
provides a specific, rapid, and sensitive 
means for the deteetion of viral ge- 
nomes. Furthermore, it can be readily 
applied to a variety of diagnostic materi- 
als, including archival, paraffin-embed- 
ded tissues.” We applied PCR technol- 
ogy to amplify a conserved region of the 
EBV genome to demonstrate viral se- 
quences in archival tissues from dis- 
eases known to be associated with viral 
infection (ie, infectious mononucleosis, 
PTLDs, and NPC) and to determine 
whether normal lymphoid tissues con- 
tain detectable levels of latent virus. 


MATERIALS AND METHODS 


Cases were selected from the University 
Hospital’s (Birmingham, Ala) surgical pa- 
thology and autopsy files to illustrate a spec- 
trum of EBV-related conditions. All tissues 
had been routinely fixed in 10% formalin. 
Hematoxylin-eosin-stained slides were re- 
viewed, and appropriate blocks were chosen 
for DNA extraction (see below). Clinical as- 
pects such as age, diagnosis, and nature of 
therapeutic procedures were abstracted 
from surgical pathology reports and clinical 
records. DNA extracts from 20 histologically 
normal spleens (removed due to trauma or 
during staging laparotones) and 10 histolog- 
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ically normal lymph nodes were analyzed as 
normal controls. 

DNA was extracted from single 8-um sec- 
tions of formalin-fixed, paraffin-embedded 
tissues as described by Shibata et al.” Brief- 
ly, sections were placed in a 1.5-mL micro- 
fuge tube, deparaffmized with xylene, rehy- 
drated with alcohol, and then dried. Genomic 
DNA from the Raji cell line, derived from an 
EBV-infected African Burkitt's lymphoma, 
served as the positive control. Genomic DNA 
from a normal placenta was the negative con- 
trol. Crude DNA extracts from an 8-um sec- 
tion or 100 ng of control DNA were incubated 
in reaction mixtures that contained 10 
mmol/L of TRIS hydrochloride buffer (pH 
8.3), 50 mmol/L of potassium chloride, 1.5 
mmol/L of magnesiam chloride, 0.01% gela- 
tin, 0.2 mmol/L each of deoxynucleotide tri- 
phosphates, 150 pmol of oligonucleotide 
primers, and 0.25 U of thermostable Taq 
polymerase (Cetus, Emeryville, Calif). The 
reactions were overlaid with mineral oil and 
subjected to 30 cyclesf amplification, each 
composed of 1 minute of denaturation at 
94°C, 2 minutes at 46°C for annealing of prim- 
ers and template, and 3 minutes at 72°C for 
synthetic extension of primers. Oligonucleo- 
tide amplimers designed from sequences in 
the long internal direct repeated region of 
EBV, prepared on an oligonucleotide syn- 
thesizer (Coder 300, Dupont, Wilmington, 
Del), were used to amplify a 110 base pair 
(bp) region” (Table 1). Nucleic acids present 
in the amplification reactions were precipi- 
tated, and the entire sample was subjected to 
electrophoresis on a 1.5% agarose gel (Sea- 
kem, FMC BioProeducts, Rockland, Me). 
HindIII fragments of \-DNA (New England 
Biolabs) and Hae II] fragments of Phi X174 
replicative form DNA (New England Bio- 
labs) served as molecular weight standards. 
Nucleic acids were transferred onto hybrid- 
ization membranes (GeneScreen Plus, Du- 
pont) by alkaline bictting and detected with a 
["P]-labeled oligonucleotide probe comple- 
mentary to EBV sequences flanked by the 
amplimers. Blots were prehybridized for 15 
minutes in 1% bovine serum albumin, 1 
mmol/L of ethylenesdiaminetetraacetic acid 
(EDTA) (pH 8.0), 0.5 mmol/L of sodium 
phosphate (pH 7.2). and 7% sodium dodecyl 
sulfate (SDS) at 65°C and hybridized with the 
labeled probe in the same solution overnight 
at 65°C. Blots were washed four times at 
65°C in 1 mmol/L of EDTA, 40 mmol/L of 
sodium phosphate, 5% SDS, and 0.5% dried 
milk; four times at 70°C in 1 mmol/L of 
EDTA, 40 mmol/L ef sodium phosphate, and 
1% SDS; and twice at room temperature in 1 
mmol/L of EDTA and 40 mmol/L of sodium 
phosphate. All washes were for 10 minutes in 
200 mL of buffer. The blot was subjected to 
autoradiography on XAR-5 film (Eastman 
Kodak, Rochester, NY) at —85°C with an 
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enhancing screen, typically for 2 to 4 hours. 
Tissues were scored as positive if the detect- 
ing probe annealed to a 110-bp fragment. 

No cross-reactivity has been observed in 
DNA from cells infected with herpes simplex 
virus or cytomegalovirus in previous stud- 
ies.” This assay has been shown to have a 
sensitivity to detect EBV sequences from 
three Raji cells, which contain approximate- 
ly 50 genomes each.” 

Extracts of paraffin sections from four nor- 
mal lymph nodes were available as template 
for the control amplification of a cellular 
gene. A genomic segment in the 3’ flanking 
region of the apolipoprotein B gene was am- 
plified as previously described.” Approxi- 
mately 20% of material extracted from a par- 
affin section served as a source of target 
templates in the PCRs. Half of the reaction 
products were analyzed by Southern blotting 
and hybridization with a specific oligonucleo- 
tide probe. 


RESULTS 


Thirteen specimens from 10 patients 
were examined. They included samples 
of infectious mononucleosis syndromes 
(patients 1 and 2), PTLDs (patients 3 
through 9), and NPC (patient 10). Perti- 
nent clinical infermation and tissue 
sources are summarized in Table 2. 


Patient 1 had serologically proved 
(positive slide test for infectious mono- 
nucleosis heterophile antibodies [Mono- 
spot, Ortho, Raritan, NJ] test) infec- 
tious mononucleosis and suffered 
splenic rupture. The spleen showed his- 
tologic features characteristic of infec- 
tious mononucleosis. The red pulp was 
expanded by a polymorphic lymphoid 
infiltrate that mcluded prominent num- 
bers of large activated lymphocytes and 
immunoblasts. 

The clinical and pathologic features of 
patient 2 have been described in detail 
elsewhere." This patient developed pul- 
monary complications during a hetero- 
phil antibody—positive syndrome. Ti- 
ters of IgG antibodies to viral capsid 
antigen were 1:32 during his acute ill- 
ness and 1:64 1 month later, when anti- 
bodies to Epstein-Barr nuclear antigen 
were 1:16. Histologic examination of 
lung and mediastinal lymph node speci- 
mens showed an infiltrate similar to that 
described in patient 1. 

Patient 3 developed an infectious 
mononucleosis syndrome after receiv- 
ing a renal allograft. Subsequently, his 
heterophil antibody titer was elevated. 
Along with a deteriorating function of 


Table 1.—Oligonucleotides for Polymerase Chain Reaction of Epstein-Barr Virus 
(From BamHi W Region’) 


Oligonucleotide No. 


Primers 
1041-1060 
1131-1150 

Probe 
1071-1110 


Sequence 


5’ GTTCGCGTTGCTAGGCCACC3° 
5’ AGGACCACTTTATACCAGGG3’" 


5’ AGCGCTTTTACGTAAGCCAGACAGCAGCCAATTGTCAGTTS3’ 


Table 2.—Summary of Patients With Documented Epstein-Barr Virus (EBV) Infection * 


Patient No. / 
Age, y 


Underlying Condition 


Source of Specimen 


1/17 Infectious mononucleosis Spieen 
2/48 Infectious mononucleosis Lung, mediastinal node 


3/17 Renal transplant; PTLDt 


Kidney, lymph node, skin 
biopsy 


4/29 Renal transplant; PTLD Lymph node 
5/15 Heart-lung transplant; PTLD Colonic biopsy 


6/35 Insulin-dependent diabetes; renal 


Lung (autopsy) 


and pancreas transplant; PTLD 


7/36 Heart transplant: PTLD Lung biopsy 
8/58 Heart transplant; PTLD Spleen (autopsy) 


9/44 Renal transplant: PTLD 
10/19 


Nasopharyngeal carcinoma 


Kidney (autopsy) 
Biopsy of nasopharyngeal 
tumor 





*Results of polymerase chain reaction assays were abnormal for all patients. 
tPTLD indicates posttransplant lymphoproliferative disorder. 
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the renal allograft, disseminated lym- 
phadenopathy, cytopenias, and a rash 
were noted. Furthermore, an abdomi- 
nal lymph node, as well as the trans- 
planted kidney and skin, had an intense 
infiltrate of immunoblastic cells that 
had a T-lymphocyte immunophenotype 
and lacked expression of immunoglobu- 
lin light chains. Biopsy specimens from 
patients 4 and 5 were similar and 
showed sheets of atypical immunoblasts 
that were indistinguishable from those 
of immunoblastic lymphoma by morpho- 
logic criteria. Immunophenotypic anal- 
ysis of tissue from. patient 3 showed 
polyclonal expression’ of x and à light 
chains, while that from patient 4 showed 
a light chain—-restricted monoclonal pro- 
liferation. The main histologic finding in 
all specimens from patients 6 through 9 
was a diffuse polymorphic lymphoid in- 
filtrate with variable numbers of atypi- 
cal large cells. 

Patient 10 had a typical undifferenti- 
ated NPC (ie, lymphoepithelioma) com- 
posed of scattered clusters of malignant 
epithelial cells surrounded by an infil- 
trate of small lymphocytes. 

Amplification of Raji cell DNA 
showed the predicted 110-bp product on 
ethidium bromide-stained agarose gels. 
Southern blot analysis confirmed that 
the amplification products from all cases 
were derived from an EBV genomic 
template based on the presence of a 110- 
bp species that annealed to the detect- 
ing oligonucleotide probe under high- 
stringency conditions. The results of 
representative positive and negative 
specimens are shown in Figs 1 and 2. An 
identical band was detected in the am- 
plification products from the tissue sec- 
tions and genomic DNA from the Raji 
lymphoblastoid cell line. No EBV- 
related sequences were present in am- 
plification reactions from the 30 control 
lymphoid tissues (10 normal spleen and 
20 normal lymph node specimens). 

Extracts from 4 lymph nodes were 
tested for the ability to serve as a tem- 
plate for the amplification of a cellular 
genomic target. A segment in the 3’ 
flanking region of the apolipoprotein B 
gene was successfully amplified in three 
of four of the paraffin extracts. 


COMMENT 


Polymerase chain reaction technol- 
ogy provides a sensitive, specific, rapid 
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Fig 1.—Southern blot analysis of representative positive and negative polymerase chain 
reaction amplification reactions. Lane 1 represents patient 4 (posttransplant lymphoproliferative 
disorder); lane 3, patient 10 (nasopharyngeal carcinoma); lane 5, patient 3 (posttransplant 
lymphoproliferative disorder); lanes 2, 4, and 6 through 10, normal tissues; lane N, normal 
placental DNA; and lane P, Raji cell DNA. The migration of Hae Ill fragments of Phi X174 
replicative form detected by homidium bromide staining is shown in lane M (from top, 234 base 


pairs [bp], 194 bp, 118 bp, and 71 bp). 





Fig 2.— Southern blot analysis of polymerase chain reaction amplification products from normal 
lymphoid tissues. Amplifications and blotting were performed as described in Fig 1. Lanes 1 
through 7 show results from the spleen; lane P, Raji cell DNA; and lane N, norma! placental DNA. 
The migration of Hae III fragments of Phi X174 replicative form is shown in lane M. 


method for detecting EBV infection in 
routinely processed tissues. Viral se- 
quences from as few as three Raji cells 
(approximately 50 genomes per cell) are 
detectable by this approach.” There- 
fore, it is estimated that the presence of 
several EBV-infected cells in single 
paraffin sections should be within the 


limits of detection by PCR technology. 
In situ hybridization and Southern and 
slot blotting analysis with labeled viral 
probes have also been used to detect 
EBV in human tissues. Polymerase 
chain reaction technology is an alterna- 
tive that does not require the extraction 
of genomic DNA from fresh tissues and 
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can be applied to small biepsy specimens 
that have been routinely processed. The 
interpretation of PCR assays is objec- 
tive and independent of morphologic 
analysis. | 

We detected EBV genomes in the 
spleen from a patient with infectious 
mononucleosis by PCR. With the use of 
in situ hybridization, Weiss and Mo- 
vahed’ failed to detect viral sequences in 
spleens from two patients with infec- 
tious mononueleosis. They postulated 
that this could be caused by technical 
considerations, such as nucleic acid deg- 
radation or unavailability of viral ge- 
nomes for hybridization, by a lack of 
sensitivity, or by the true absence of 
EBV-infected cells.” Based on the PCR 
data, it is likely that EBV-infected cells 
reside in tissues that demonstrate the 
characteristic lymphoid reaction but are 
infrequent or have a content of viral 
genomes below the level of discrimina- 
tion for in situ hy bridization. 

The detection of EBV genomes by 
PCR may be helpful in several diagnos- 
tic situations. Posttransplant lympho- 
proliferative disorders have emerged as 
potentially life-threatening complica- 
tions in transplant recipients taking im- 
munosuppressive agents. These disor- 
ders include a spectrum of lym- 
phoproliferative lesions that overlap 
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clinically and pathologically with malig- 
nant lymphomas.” Recognition of these 
disorders is important because many 
patients will recover with modulation of 
their immunosuppressive therapy.” 
Our study suggests that PCR can dem- 
onstrate EBV genomes, even in small 
biopsy specimens, thus corroborating 
the diagnosis of PTLD. 

Detection of EBV sequences could 
also be useful in distinguishing infec- 
tious mononucleosis from malignant 
lymphoma. Infectious mononucleosis 
results from acute EBV infection and is 
generally a self-limited illness in im- 
munocompetent individuals. Typically, 
the diagnosis is based on clinical fea- 
tures and a positive Monospot test, but 
biopsies are occasionally performed in 
some patients. The characteristic 
pathologic abnormality is lymphoid hy- 
perplasia that primarily affects lymph 
nodes but may also involve extranodal 
sites. This hyperplasia is characterized 
by a polymorphic proliferation of large 
transformed lymphocytes, small lym- 
phocytes, and plasma cells, and may ex- 
hibit extreme atypia. In some in- 
stances, monomorphic expansions of 
large transformed cells arranged in 
sheets and clusters may simulate malig- 
nant lymphoma.” Demonstration of 
EBV genomes would suggest a diagno- 


References 


DNA in lymphoid tissue: frequent detection in 
Hodgkin’s disease. Am J Clin Pathol. 1989;91:1-5. 

8. Weiss LM, Movahed LA, Warnke RA, Sklar 
J. Detection of Epstein-Barr viral genomes in 
Reed-Sternberg cells of Hodgkin's disease. N Engl 
J Med. 1989;320:502-506. 

9. Chung A, Kieff E. Long internal direct repeat 
in Epstein-Barr virus DNA. J Virol. 1982;44:286- 
294, 

10. Hayward SD, Lazarowitz SG, Hayward GS. 
Organization of the Epstein-Barr virus DNA mole- 
cule, II: fine mapping of the boundaries of the inter- 
nal repeat cluster of B95-8 and identification of 
additional small tandem repeats adjacent to the 
HR-1 deletion. J Virol. 1982;43:210-212. 

11. Raab-Traub N, Flynn K. The structure of 
the termini of the Epstein-Barr virus as a marker of 
clonal cellular proliferations. Cell. 1986;47:883-889. 

12. Shibata DK, Arnheim N, Martin WJ. Detec- 
tion of human papilloma virus in paraffin-embedded 
tissue using the polymerase chain reaction. J Exp 
Med. 1988;168:225-230. 

13. Sixbey JW, Shirley P. Viral diagnosis using 
DNA based probes: enzymatic amplification of tar- 
get DNA. Ann N Y Acad Sci. 1988;549:158-165. 

14. Church GM, Gilbert W. Genomic sequenc- 
ing. Proc Natl Acad Sci U S A. 1984;81:1991-1995. 


sis of infectious mononucleosis in this 
context, as it did in two of our patients. 

Clonal EBV genomes have been de- 
tected in NPC," and patients frequently 
have elevated EBV antibody titers at 
the time of diagnosis. *” Demonstration 
of EBV infection in biopsy specimens 
may provide additional evidence of an 
undifferentiated NPC, particularly in 
patients who present with metastases 
to cervical lymph nodes from an occult 
primary tumor. 

In summary, PCR is a rapid, sensi- 
tive, and specific method for detecting 
EBV genomes ir archival tissues. The 
ability to detect viral genomes in each of 
the diseases known to be associated 
with EBV infection demonstrates the 
utility of this approach. Epstein-Barr 
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è This study was performed to de- 
termine whether hematologic index- 
es might show heterogeneity among 
different subgroups of the population 


: and, if differences were found, to de- 


velop reference ranges for each sub- 
„group. Complete blood cell counts 


and leukocyte differential cell counts 


were compared in healthy white 
(n = 663), black (n = 697), Latin-Ameri- 
can (n=535), and Asian (n= 247) 
adults. Women had significantly low- 
er red blood cell counts, hemoglobin 
levels, and hematocrits than men. In 
addition, women in at least three ra- 
cial/ethnic groups, had higher plate- 
let, white blood cell, and granulocyte 
counts and lower monocyte counts 
than men. Among blacks and Latin 
Americans, women had lower mean 
corpuscular volumes, mean corpus- 
cular hemoglobin levels, and mean 
corpuscular hemoglobin concentra- 
tions than men. The following racial/ 


hysicians rely on reference ranges 

to interpret laboratory data on 
their patients. However, providing ref- 
erence ranges appropriate for an indi- 
vidual patient is a far more complex task 
than is generally appreciated by physi- 
cians who use laboratory data or by la- 
< boratorians who provide the test results 
and accompanying reference ranges. 
While most clinical laboratories use he- 
matology reference ranges that reflect 
well-recognized gender differences for 
red blood cell (RBC) counts, hemoglo- 
bin (Hb) levels, and hematocrits (Het), 
only single reference ranges are used 
for other hematologic parameters, such 
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ethnic differences were found: higher 
red biood cell distribution widths and 
lymphocyte and monocyte counts, 
and lower hemoglobin levels, hemat- 
ocrits, mean corpuscular hemoglo- 
bin levels, mean corpuscular hemo- 
globin concentrations, and white 
blood cell, granulocyte, and band 
counts among blacks; higher white 
blood cell, granulocyte, and band 
counts among Latin Americans; and 
higher red blood cell and lower lym- 
phocyte and monocyte counts 
among Asians than one or more of 
the other three groups. We conclud- 
ed that the complete blood cell 
counts and leukocyte differential cell 
counts exhibit marked heterogeneity 
and that reference ranges that reflect 
the proper racial, ethnic, and sex 
group should be developed for these 
parameters. 

(Arch Pathol Lab Med. 1990;114: 
715-719) 


as white blood cell (WBC) counts, mean 
corpuscular volumes (MCVs), and 
platelet counts, etc. Even reference 
sources, such as Wintrobe’s Clinical 
Hematology, provide only one refer- 
ence range for hematologic indexes oth- 
er than RBC counts, Hb levels, and Het 
values. In addition, many of those refer- 
ence ranges were based on data that are 
ancient and laboratory procedures that 
are now outdated.” Furthermore, 
there is marked scarcity of comparative 
studies among different racial, ethnie, 
and gender subgroups. Most. of the pre- 
vious studies of peripheral blood cell 
counts have been restricted to a single 
subgroup of the population, such as 
women, children,” or a single racial or 
ethnic subgroup.” 

_ Since this hospital serves a mixture of 
different racial and ethnic groups, this 
study was performed to determine 
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whether hematologie indexes might 
show heterogeneity among different. 
subgroups of the population similar to 
what had been previeusly demonstrat- 
ed for clinical chemistry data” ™ and, if 
differences were found, to develop ap- 
propriate reference ranges for each sub- 
group. We comparec commonly used 
hematologic parameters in the men and 
women from white, slack, Asian, and 
Latin-American backgrounds. 


SUBJECTS AND METHODS 


During the period of December 1985 
through July 1988, employees of this medical 
center who were attending the Employee 
Health Service for thei annual health- 
screening survey or preemployment physical 
examination were recruited with their in- 
formed consent as study subjects. They un- 
derwent screening by the nursing staffon the 
basis of their responses to a health histery 
questionnaire and the results of their physi- 
cal examination to exclude those with signifi- 
cant illness. These subjects constituted our 
presumably healthy population. Regular us- 
ers of medications, inchuling, but not limited 
to, aspirin, birth control pills, anticonvul- 
sants, and vitamin supplements, were ex- 
cluded from the analyses, Based on self-iden- 
tification, employees from white, black, 
Asian, and Latin-American backgrounds 
were included in the study. The last named 
group included subjects whose origins were 
from Mexico, South/Cestral America, Cuba, 
Puerto Rico, or other Spanish cultures, re- 
gardless of their race. The Orientals and Pa- 
eific Islanders were included in the Asian 
group. 


Laboratory Frocedures 


All subjects were rested before a phleboto- 
my. Blood was collected from each subject 
into a lavender-top tube that contained liquid 
sodium edetic acid (EDTA; and sent for a 
complete blood cell (CEC) count and a man- 
ual leukocyte differential cell count. In the 
initial part of the study, a manual differential 
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cell count that included lymphocytes, mono- 
cytes, eosinophils, basophils, band cells, and 


segmented neutrophils was performed on all 
samples. One hundred cells were counted in 
the manual differential cell count. Unfortu- 
nately, in the middie of the study, the hema- 
tology laboratory upgraded its equipment so 
that it eould provide automated three-part 
differential ceil counts as part of CBC counts. 
In the three-part differential cell count, eo- 
sinophils, basophi.s, band cells, and seg- 
mented neutrophils were all combined under 
one category of granulocytes that were re- 
ported, along with Irmphocytes and mono- 
eytes. During the transition period, both the 
manual and the automated differential cell 
counts were performed; however, subse- 
quently manual differential cell counts were 
no longer done on a rcutine basis. As a result 
of this change, ecsinopnil, basophil, band 
cell, and segmented aeutrophi! counts were 
available only during the initial part of the 
study, and were repiazed later on by granulo- 
eyte counts. All differential cell counts (in 
percentages) were canverted into absolute 
ceil counts. 

The CBC counts, including the RBC and 
WEC counts, Ho level, Het value, MCV, 
mean corpuscular hemoglobin level, mean 


corpuscular hemoglobin concentration 
(MCHC), red blood cell distribution width, 
platelet count, and mean platelet volume 
(MPV), and the three-part differential cell 
count were performed on a Coulter hematol- 
ogy analyzer (Model S Plus IV, Coulter 
Diagnostics, Hialeah, Fla) according to the 
manufacturers instructions. All Coulter- 
generated platelet counts were confirmed by 
visual platelet estimates of the blood smear. 
The CBC counts were performed between 30 
minutes and 1 hour following a phlebotomy. 

The Coulter counter was calibrated twice 
each year, following the preventive mainte- 
nance inspection. In addition, recalibration 
was done whenever a component that in- 
volved the dilution characteristics or the pri- 
mary measurements was replaced. The cali- 
bration procedure used a kit (S-Cal 
Calibrator Kit supplied by Coulter Diagnos- 
ties), Each day, quality control, as suggested 
by the manufacturer, was performed. 


Statistical Analyses 


The results in the eight subgroups (males 
and females from four racial and ethnic 
groups) were compared by using the Mann- 


Whitney U test. The reference ranges were 
developed nonparametrically by using the 
2.oth and 97.5th percentiles of the distribu- 
tion. These nonparametric methods of com- 
parison required no assumptions about the 
distribution of frequencies that were often 
nongaussian, A two-tailed P value of <.05 
was considered to be significant. Multiple 
comparisons were done, as Dunn" has rec- 
ommended, to minimize recognition of spuri- 
ous results. 


RESULTS 


During the study period, 2142 em- 
ployees of this .medical center who 
ranged from 16 to 67 years of age were 
included. Thirty-one percent were 
white, 33% were black, 25% were Latin 
American, and 11% were Asian. 

The results are presented in the form 
of means and SDs in Tables 1 and 2 only 
to provide the reader with some infor- 
mation regarding the distribution and 
spread of the data. Tables 1 and 2 should 
not be used to develop reference ranges 
because of the nongaussian distribution 


Table 1.— Comparison of Complete Blood Cell and Differential Celi Counts in Men” 


Mean t 








ete White Black Latin American Asian 
Test 
n 181 CEAN 141 72 
WBCs, 10°/L E 6.1 £ 1.8t 6.0 + 1.84 6.9 + 1.9§ 6.3 + 2.0 
RBCs, 107 /L 5.0 + 0.3] 4.9 + 0.54 §.0 + 0.3 5,2 + 0.4% # 
Hb, g/L i53 + 9H 147 + 114 155 +9 154 + 101 
MCHC, g/L ca 341 + 7i 338 + 7$ 34147 339 + 7# 
Pit, 10°/L 270 + 5t 272 + 60¢ 285 + 55§ 305 + 561% 
MPV, fL 88 0.9 95 + 1.1 9.4 + 0.9§ 9.0 + 0.914 
Het ; + 0, ; + Q0, 0.45 + 0.0218 
MCV, fL a3 1 39 88.4 + 6.3 896 +42 | 88.6 + 6.5 
MCH, pg 30.5 + 1.5) 29.9 + 2.4+ 30.5 + 1.6 30.0 + 2.5 
RDW, % — 13.0 + 0.84] 13.6 + 1.14 i3.2+06§ 13.0 + 0.71 
S-part differential call count | 
n 106 114 101 46 
Lymphocytes, 10°/1. OO 20H + 502 2053 + 532 2150 + 603 1993 + 633 
Monocytes, 10°/L 266 + 140 369 + 140 385 + 137 _ 359 + 199 
Granulocytes, 10°/L 3645 + 1585+ 3569 + 15244 43891731 4215 + 181614 
Manual differential sell count 
n 80 72 l 48 7 32 
Segmented neutrophils 10°/L 3641 + 1462+ 3660 + 16544 4431 + 1400 3782 + 981 
Band cells, 107/L —_ 16 + 30] 5 + 19+ 33 + 60 20 + 88 
Lymphocytes, 16°/i. {827 + 543 1995 + 620 2091 + 929 2060 + 936 
Monocytes, 10°/L | "831 + 158 284 + 207 «255 + 195 l 216 + 188 
Eosinophils, 10°7L eat 130 + 130 138 + 128 173 + 244 148 + 173 
Basophils, 10®/L 7 34 + 52 27 + 41 + 54 52 + 491 


WBCS indicate white ticoc colle: ABCs, red blood sells; Hb, hemoglobin; MCHC, mean corpuscular hemoglobin concentration: Pit, platelets; MPV, mean platelet vol- 
ume; Het, hematocrit; MCW, mean corpuscular volume, MOH, mean corpuscular hemoglobin: and RDW, red blood cell distribution width. 


tWhite vs Latin American, P < 05. 

Black vs Latin American, P< 05. 

§Latin American vs Asian, P < .05. 
- |[White vs black, P < 05. 

Black vs Asian, P < 05. 

#White vs Asian, F < .@5. 
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of results for a number of tests. The 
results of racial and ethnic comparison 
are also included in Tables 1 and 2. 
Within each racial and ethnic group, 
re ko Con pared with women 





mean a W P pre 
than their male counterparts. No such 
difference was noted in other racial/eth- 
nic groups. Among Latin Americans, 
blacks, and Asians, women had signifi- 
: cantly lower monocyte counts, and 
7 among whites, blacks, and Latin Ameri- 
cans, women had higher platelet and 
WBC counts than men. 

The reference ranges in men and 
women are shown in Tables 3 and 4. 


COMMENT 


Analyses of 2142 CBC counts and leu- 
kocyte differential cell count results 


showed that there was a marked hetero- 
geneity among racial, ethnic, and gen- 
der subgroups of an apparently healthy 
population. 


Sex Differences 


With the exception of Asian women, 
women had higher mean WBC and 
platelet counts than men. Higher gran- 
ulocyte counts among women were 
largely responsible for the difference in 
the WBC counts. One earlier report 
found a significant sex difference in total 
leukocyte and neutrophil counts”; how- 
ever, that study was done on subjects of 
European origin only. Blacks, as well as 
Latin Americans, also exhibited a simi- 
lar sex difference in WBC and granulo- 
cyte counts. No sex difference was not- 
ed in the manual differential cell count 
results. However, there was a sex dif- 
ference in Coulter-generated monocyte 
counts. The women from black, Asian, 
and Latin-American backgrounds had 
significantly lower automated mono- 








cyte counts than men. Since this sex — 
difference in monocyte counts was not ` 
confirmed by the manual counts and the 2 
Coulter counter oniy approximated the ep 
number of monocytes, the meaning of : 
this finding was questionable. 


The results of this study also confirm — : 


the findings of earlier reports on differ- 


ences in platelet counts. In one study of | > 
black, white, and Latin-American sub- © 


groups, women were found to have — 
higher platelet counts than men." A ` 
higher prevalence of iron deficiency 
among women was the most likely ex- 
planation for the cbserved sex differ- 
ence in the platelet counts in this study. 
In women from all groups, transferrin 
saturation was significantly lower when 
compared with that in men. The details 
of the transferrin saturation study will 
be published separately at a later date. 
Bailey and associates” showed that iron 
status, as determined by transferrin 
saturations, was less than adequate 
(<.16) in 2% of the males compared with 
12% of the females in a study done on 198 


Table 2.—Comparison of Complete Blood Cell and Differential Cell Counts in Women* 


Test . 
n 


WBCs; 10°/L 
RBCs, 10 /L 
Hb, g/L 
MCHC, g/L. 
Pit, 107 /4. 
MPV AL 
© Hot. 
MCV, fh 
MCH, pg 
RDW; oi 
3-part differential cell count 
n l 
Lymphocytes, 10°/L 
© Monocytes, 10°/L 
_ Granulocytes, 10°/L 
Manual differential cell count 
A , 
Segmented neutrophils, 10°/L 
Band. calls, TOPIL 
Lymphoc tes. 408/L 
Monocytes, : 10° AL 
Eosinophils. AFORE 
Basophiis, 408/L 




















Mean + SD 
White Black 
482 §25 
6.6 + 1.8+ 6.5 + 2.0% 
+ 0.3 44+ 0.4 
134 + 10+? 128 + 10% 
341 + 6tf 335 + Bt 
300 + 62t! 319 + 73 
94+ 0.9 9.5 + 1.0 
0.39 + 0.02% 0.38 + 0.03¢ 
89,7 + 4.9f% 87.1 + 5.9¢ 
30.6 + 1.9! 29.9 + 2.34 
13.0 + 0.8łf 13.6 + t.2 
284 375 
1972 + 541T! 2146 + 553 
S66 + 155 336 + 150 
4125 + 1545t! 3834 + 1626+ 
216 175 
4402 + 1495 4037 + 1618¢ 
16 + 37f 7 + 244 
2005 + 584+% 2157 + 664 
300 + 234 277 £ 173 
123 + 156 128 + 227 
37 + 49 33 + 62 


For explanation of Shbreviations, see footnote 1 to Table 1. 


tWhite vs Latin American, P < .05. 
Black vs Latin American, P < .05. 
§Latin American vs Asian, P < .O5. 
{|White vs Asian, P <.05. 

White vs. black, P< 05. 

#Black vS Asian, P < 05. 
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Latin American Asian 
394 175 
7.1 + 1.9§ 6.2 + 1.5]| 
44+03 + 0.4 
132 + 11 133 + 10# 
340 + 31 339 + BH 
315 + 69 302 + 604 
9.4 + 0.98 + OB # 
0.39 + 0.03 0.39 + 0.02# 
88.2 + 5.8§ 89.5 + 5.9# 
29.9 + 2.3§ 30.3 + 2.4# 
13.3 + 1.1§ 13.0 + 1.24 
295 130 
2112 + 616§ 1865 + 4664 
322 + 220 281 + 109| # 
4570 + 1662§ 3807 + 1179 
114 50 
4692 + 1467 4296 + 1329 
22 + 58 9+ 32 
2168 + 650 1993 + 409 
288 + 170 238 + 158 
153 + 322 128 + 144 
33 + 52 "33 + 47 
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Chit Black Latin American 
Test 
n _ OoOO oOo 172 141 
WBCs, 10°/L __3.7-10.4 3.5-9.6 4.1-11.5 
RBCs, 10"7/L E 43-58 4.0-5.8 4.4-5.6 
Hb, gb 130-173 119-167 137-170 
MCHC, g/L Ma 824-364 321-352 325-356 
Pit, 10°/L O {76-372 167-408 176-397 
MPV, fL ERATE: 7.12.4 7.4-11.3 
Het —  038-0.49 0.36-0.48 0.40-0.50 
MCV, IL © 816-966 71.8998 82.0-96.5 
MCH, pg _._27.2-33.4 23.3-33.9 26.7-33.2 
ROW, % a tog toa 11,9-14,3 12.1-16.2 12.1-14.7 
3-part differential caf count | 106 114 101 
n 
Lymphocytes, t0*:L oo -1260-3046 1203-3166 1117-3358 
Monocytes, TOR AL 133-662 144-774 136-682 
Granulocytes, 10°: o 1781-7716 1492-656 1 2412-8326 
Manual differentia! cel! count | 
ñ o 80. 72 48 
Segmented natrophils 1505-7004 1110-6697 2400-7592 
Band cells, 10°%/. a O68 0-72 0-208 
Lymphocytes, 10° /L . 650-2600 969-3303 940-4224 
Monocytes, 10° 1 0-512 21-831 0-684 
Eosinophils, 10°/L. a4 0-467 0-804 
Basophils, 10°/L ~ 0-156 0-162 0-168 





*Far explanation of abbreviations, see footnote 1 tc Table 1. 


Range 


Table 3.—Hematologic Reference Ranges (2.5th to 975th Percentiles) in. Men“ 


; , A 


72 
3.4-11.5 
4.0-6.2 
125-170 

321-353 
223-422 

7.4-10.9 

0.36-0.50 
67.3-96.3 
21.6-33.4 

11.8-14.6 

46 


1030-338 1 
83-767 
1509-7257 


32 
2016-5503 
0-63 
897-3500 
0-528 
0-315 
0-140 


Table 4.—Hematologic Reference Ranges (2.5th to 97t^ percentiles) in Women * 
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Range 


Latin American 


394 
4.1-11.8 
3.7-5.1 

“103-151 

320-353 
198-460 
7,8-11.5 

0.31-0.44 
69.6-95.8 
22.3-33.0 
11.9-16.4 


295 
1066-3444 
108-670 
2193-8241 


114 
1854-7574 
0-132 
890-3731 


tt facie tases Jaca White Black 
Test 
n 7 482 $26 
WBCs, 10°/L o 3.8-10.6 3.4-11.2 
RBCs, 10°/L | 3.8-5.0 3.6-5.3 
Hb, g/L i 444-155 106- 149 
MCHC, g/L 3p 327-353 319-350 
Pit, 10°/L ee 188-438 193-485 
MPV, fL | | 77-118 7.7-11.6 _ 
Het E 0.34-0.45 0.31-0.44 
MCV, fL i ~ 78.0-98.0 72.9-97.5 
MCH. pg 25.9-33.8 23.7-33.1 
ROW, % ANA 12.0-17.3 
- -parn differential cell count. oo E 
7 a E 284 375 
|. Lymphocytes. 10541. eels a 1139-3185 1283-3292 
| © Monocytes, 10°7L ae 100-743 104-666 
-> Granulocytes, 19°/L A 2025-7457 _ 1434-7678 
| Manual differential ceicount 
oR g 216 175 
-Segmented neutrophils, 10°/L 2025-7332 1502-8142 
Band cells, 10°/L_ an EE l 0-86 
C Lymphocytes, t9%L 5 ~ 1008-3381 1045-3477 — 
Monocytes, 10°/L ii 0819 21-717 m 
Eosinophils, 10°/L : 0-518 0-456 
Basophils, 1057k 0-164 0-196 





Asian 


175 
3.5-9.7 
3.7-5.4 
113-150 
322-355 
193-417 
7.6-11.1 
0.33-0.44 
72.4-97.0 
22.1-33.8 
11.6-16.6 


130 
936-2746 
87-510 
1931-6131 


50 : 
1600-7326 


e i 0107 
= 1235-2592 


0-651 
- 0-492 
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way. 


wey 





black and Spanish-American subjects. 
Although there was a sex difference 
_ in the platelet counts, we did not see a 
similar phenomenon for the MPVs. This 
~ Was in contrast to that found in an earli- 
er study that demonstrated an inverse 
relationship between platelet counts 


and MPV." In that study, platelet 
counts were found to be higher and 
MPVs to be lower in females. 


Gender differences with regard to 








~ RBC counts, Hb levels, and Het values 


are well documented. However, we 
‘ound differences between men and 
vomen for MCVs, mean corpuscular he- 
noglobin levels, and ‘MCHCs as well. 
These parameters were significantly 


lower in black women and Latin-Ameri- 
oo women. — 


Racial and Ethnic Differences 


Blacks. — Black men and women had 
much higher red blood cell distribution 
widths than did men and women from 
the other three groups. Hemoglobin 
levels, Het values, mean corpuscular 
hemoglobin levels, and MCHCs were 
also lower in blacks (both men and wom- 
en) when compared with whites and 
Latin Americans. Similar differences of 
Hb levels, Het values, and MCHCs be- 
tween blacks and Spanish Americans 
have been reported earlier.” Because 
these racial and ethnic differences were 
seen in both sexes, genetic factors, such 
as hemoglobin S and a-thalassemia, 
seemed to be likely although nutritional 
factors might also play a role. 

In comparison with whites and Latin 


1, Wintrobe MM, Clinical Hematology. 8th ed. 
Philadelphia, Pa: Lea & Febiger; 1981:1885-1889. 

2. Wintrobe MM. Macroscopic examination of 
the blood. Am J Med Sei. 1933;185:58-71. 

3. Brecher G, Cronkite EP. Morphology and 
enurneration of haman blood platelets. J Appl Phy- 


siol. 1950-3:365-377. 






4. Bain B, Seed M, Godsland I. Normal values 
for peripheral blood white cell counts in women of 
four different ethnic origins, J Clin Pathol. 
1984;37:188-198.. 

5. Meyers LD, Habicht J, Johnson CL. Compo- 
nents of the difference in hemoglobin concentra- 
tions in blood between black and white women in 
the United States. Am J Epidemiol. 1979;109:539- 
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Wynn V. Comparison of haematological indices be- 
tween women of four ethnic groups and the effect of 
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Americans, black men and women also 
had lower WBC, granulocyte, segment- 
ed neutrophil, and band cell counts. The 
results of this study support earlier re- 
ports of lower leukocyte counts in blacks 
than in whites.” 

Among women, the platelet counts 
were significantly higher in blacks than 
in whites. This could also be attributed 
toa higher prevalence of iron deficiency 
among black women since they had a 
higher red blood cell distribution width 
and lower MCV in comparison with 
white women, Among men, too, the 
mean platelet count in blacks was higher 
than in whites, but the difference was 
not statistically significant. This is in 
contrast to the findings of a study done 
in London, England, that demonstrated 
higher platelet counts in white than in 
black men. No explanation for that find- 
ing was offered, however.” 

Latin Americans.—In this study, 
WBC counts in Latin Americans were 
significantly higher than in the other 
three groups. Higher segmented neu- 
trophil, band cell, and granulocyte 
counts were responsible for the differ- 
ences in the WBC counts. We were not 
aware of reports of higher leukocyte 
counts in Latin Americans than in 
whites, blacks, and Asians. 

Asians.— While Asian men had sig- 
nificantly higher RBC and granulocyte 
counts than white men and black men, 
Asian women had the lowest mean 
WBC and granulocyte counts. The 
MPV results were significantly lower 
among Asian men and women. Howev- 
er, findings regarding platelet counts 
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were inconsistent. While Asian men had 
the highest platelet counts when com- 
pared with other men, Asian women 


had platelet counts that were lower than- 


at least two other groups (black and 
Latin-American women). The reasons 
for this discrepancy were not clear. The 
mean lymphocyte (Coulter generated) 
and monocyte counts among Asian men, 
as well as women, were lower than all 
she other ie ah ane enovay 
between black women ~ and Asan 
women. 


Reference Ranges 


Because of the heterogeneity of com- 
mon hematologic indexes in different 
racial, ethnic, and gender groups, it 
would be inappropriate to combine all 
subgroups and derivea single reference 
range for each parameter. Further- 
more, reference ranges provided by the 
manufacturer of an instrument or in the 
literature are not suitabie, especially in 
a multiracial population since many 
studies 9n reference ranges were done 
by using an exclusively white popula- 
tion and outdated methods. Conse- 
quently, we have developed reference 
ranges for CBC counts and leukocyte 
differential cell counts that reflect prop- 
er racial, ethnic, and sex group and cur- 
rent methodology. 

We conclude that the routinely mea- 
sured hematologic indexes exhibit ra- 
cial, ethnic, and gender differences. 
Reference ranges should reflect these 
differences. 
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Teaching Pathology and Laboratory Medicine 


And gladly would he learn and gladly teach. 





CHAUCER, Canterbury Tales 


On the Fifth Year, Subspecialty Certification, 
and Delayed Gratification 


A Partial Solution 
John C. Neff, MD 


I n 1985 the American Board of Pathology (ABP) added, as a 
prerequisite to sit for its -basie qualifying examinations, a 
“certifying” year, thus increasing the basic pathology resi- 
dency by 1 year if the applicant enters residency directly on 
graduation from mredieal school.' The Accreditation Council 
on Graduate Mecieal Education via the Residency Review 
Committee for Pathology continues to accredit basic patholo- 
gy programs in combined anatomical and clinical pathology 
(AP/CP) for oniy 4 years. The extra certifying year has be- 
come known as the “fifth vear,” although of course it might be 
the fourth year if the appiieant were to pursue a straight AP 
or CP residency. 

It would surely be an understatement to say that this 
decision by the ABP has caused a great deal of confusion, 
hostility, and resentment among pathology chairmen, resi- 
dents, and program directors. Why in fact the ABP did sucha 
thing is unclear, amd probably so lost in the mists of history 
that it can only be speculated on. At least one explanation has 
been offered.” That is not my purpose. The fifth year has 
resulted in a number of serious dilemmas, not the least of 
which is its funding: at least ene commentator indicated that it 
would result in en cutlay of an additional $20 million per year 
by institutions sponsering pathology education programs.’ 
The costs quoted in Colloton’s’ presentation included resident 
stipends anc fringe benefits, that portionof pathology depart- 
ment faculty casts attributable to clinical supervision of resi- 
dent and administration of the residency program, as well as 
other expenses for staff support, supplies, and overhead. 

Pathology practice and research is ecmphcated, and get- 


to SHON Kreiner Adria li tert aatan anna. 
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ting more so. Itis probably a truism that even before the fifth- 
year rule most pathology residents were spending 5 years in 
training; additionally, a number of surveys indicate that most 
residents currently recognize the need to possess a specialty, 
a “hobby,” expertise, ete, in addition to broad AP/CP train- 
ing, regardless of whether they enter private practice or 
academia. 

The requirements of the ABP for the fifth certifying year 
are stated in the following manner: “. . . and one additional 
full credential year, which may be spent in further training or 
research in pathology or closely allied disciplines; in the prac- 
tice of pathology; or in approved graduate medical education 
in internal medicine, surgery, obstetrics and gynecology, 
pediatrics, or family practice.” Certainly, a fifth year spent in 
the equivalent of a hematopathology (transfusion medicine, 
microbiology, etc) fellowship would qualify. But such educa- 
tion could not be claimed as credit toward the ABP certifying 
examination in that special or added qualification. To sit for 
these examinations, the resident must spend another year 
(two for some areas such as neuropathology) in fellowship 
training. One proposed solution for this state is the suggestion 
that the ABP grant credit toward the subspecialty certifica- 
tion examination if that training, even if it occurs during the 
fifth year, is acquired in an approved program. This was one 
of the unanimous recommendations of the 1989 ASCP (Ameri- 
can Society of Clinical Pathologists) Colorado Springs (Colo) 
Conference, entitled “The Future Content and Structure of 
Residency Training in Pathology.” Since the fifth year would 
also serve as the certifying year, in effect this becomes a form 
of “double-dipping,” or the awarding of dual credit for a single 
educational experience. This is not an unheard-of situation 
(MD/PhD candidates do this regularly), but it is not common, 
nor generally approved of. Thus even if the members of the 
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ABP were to vote to award such dual credit, it is highly 
unlikely that the American Board of Medical Specialties, to 
_ whom they are accountable, would allow them to do such a 
-~ thing. Thus, the probability that this rule will be changed, or 
-could be changed, is slim. In order to gain the requisite 
_ expertise as pathologist-subspecialists, to claim such exper- 
~ tise for themselves, and to pursue a practice in which that 
es subspecial ‘will constitute a sizable portion of their practice, 

. residents in fact need to spend yet another year in fellow- 
_ ship educati on? Not necessarily so. The purpose of this article 
is to explain why this is the case. 
_ Bear in mind, the ABP, unlike almost all of the other 23 
~ specialty boards, grants credit toward subspecialty certifica- 
tion on the basis of appropriete practice, as well as for the 
completion of formal4gllowship training. Generally, 2 years of 
oo. practice are equivalen to 1 year of formal training. Remem- 
ber this as you read the following pathology career education- 
eee Ob vignette. 
oe Dex graduates from University A, then enters an accredited AP/CP 
C program at University B, where she completes the 3-year core, does a 
fourth year of electives that she and her director decide on, then 
subsequently spends her fifth year in Dr Y's laboratory doing the 
equivalent of a hematopathology fellowship. Since she was a fine 
resident/fellow, Dr Y is perfectly willing to write a letter stating that 
she is competent to begin practice as an entry-level hematopatholo- 
gist. She may even have published several papers, in which case he is 
willing to say that she also has definite academic potential. He will 
probably try to keep her as his associate director. Dr X, however, 
enters practice with a seven-person group as a hematopathologist 
expert, and in the year following her 5-year residency (her first year 
of practice) she takes the AC/CP Board examination, claiming the 
.. hematopathology year as the certifying year. She passes. Two years 
< later (her third year of practice}, she takes the hematopathology 
examination, claiming the 2 years of practice as equivalent to 1 year of 
hematopathology fellowship. She also passes that examination, re- 
ceives a certificate, and hangs it next to her AC/CP certificate. 




























Can she do this? Is it appropriate? Of course. Everyone 
knows where Dr X received the education that enabled her to 
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assume her postresidency position. The letter from Dr Y and. 
the University B certificate of completion are much more 
important than the ABP certificate in this regard. She had to 
delay for 2 years the gratification of seeing the hematopatho- 
logy certificate hanging in her office, but she was probably 
better prepared for the actual examination when she took it. 

Not many residents are likely to take the basic certifying and 

specialty examinations during the same year. Tne fifth, certi- 

fying year has in this case been used to gain subspecialty 
expertise, and is probably responsible for her‘first job. It has | 
also served as the certifying year. The subspecialty certifi- 


cate will come in a few years, probably more easily. The — . 
resident is happy. No dual credit has been awarded. The +.. 
American Board of Medical Specialties is happy. The applica-. 


tion for subspecialty certifying examination was made after 
an appropriate practice experience. The ABP is happy. 

Of course not everyone is happy because many still oppose 
the original institution of the fifth-year rule. We have a surfeit 
of problems in pathology, all awaiting our attention. With the 
Residency Review Committee for Pathology, ABP, and Park 
City recommendations for pathology residency education 
now finally aligned, this may be the time to let the fifth-year 
argument be. Let it be, and let us begin to concern ourselves 
with matters we may possibly be able to do something about, 
such as financing the fifth year and restructuring our residen- _ 
cies so as to educate pathologists who will practice, teach, and. 
carry out investigations in the 21st century. 
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Brief Reports 





Adenomatoid Tumor of the Adrenal Gland 





With Ultrastructural and Immunohistochemical 


Demonstration of a Mesothelial Origin 


William D. Travis, MD; Ernest E. Lack. MD; Norio Azumi, MD; Maria Tsckos, MD; Jeffrey Norton, MD 


e We describe an adenomatoid tumor arising in the left adrenal gland of a patient who 
underwent bilateral adrenalectomy for the ectopic adrenocorticotropic hormone syn- 
drome. The mesothelial origin of the tumor was confirmed by electron microscopy and 
positive immunohistochemical staining for keratin. The tumor had a prominent cystic 
component raising the question whether adrenal cysts are derived from mesothelial! 
inclusions. It is proposec that consideration be given to adding a new category of 
“mesothelial cysts” to the classification of adrenal gland cysts. 

(Arch Pathol Lab Med. 1990;114:722-724) 


structural and immunochistoehemical 
documentation of a mesothelial origin. 


denomatoid tumors are relatively 

“uncommon tumors that characteris- 
tically arise in the male ard female geni- 
tal tract, particularly the epididymis, 
but have also been encountered in the 
spermatic cord. tunica alouginea of the 
testis, prostate, and ejaculatory duct. 
In females these tumors have been most 
commonly seen inthe uterus and fallopi- 
an tube and rarely in the ovary.” Adeno- 
matoid tumors have also been reported 


REPORT OF A CASE 


A 24-year-old man presented with muscle 
and bone pain and was found to heve Cush- 
ings syndrome. He was subsequently shown 
to have the ectopie adrenocorticotropic hor- 
mone syndrome due to an atypical sronchial 
carcinoid tumor, Seven months later bilater- 
al adrenalectomy was performed to control 
severe manifestations of Cushirg’s syn- 
drome. Preoperative radiographs demon- 
strated a left unilateral adrenal noc ule mea- 
suring approximately 1.0 em. The patient 
later developed numerous sclerotic metasta- 





For editorial comment, see p 641. 





in the omentum, retroperitoneum, the 
adrenal gland, and in the periadrenal 


ses to long bones, and a computed tomo- 
graphic scan revealed multiple pulmonary 
metastases that on-epen lung biopsy proved 
to be metastatic cafcinoid tumor. Six months 
later the patient died with massive pulmo- 
nary metastases. 


PATHOLOGIC FINDINGS 


The right and left adrenal glands weighed 
6 and 10 g, respectively, the right adrenal 
gland measured 6 x 4 x 1 em, and the left 
adrenal gland measured 6 x 4 x 2 em. The 
adrenal cortex on both sides was diffusely 
hyperplastic measuring 3 mm in thickness. 
The left adrenal gland contained an ill-cir- 
cumscribed, 1.1-cm pale-white nodule with a 
peripheral rim of yellow tissue. 

Histologically, the nodular lesion in the left 
adrenal gland was unencapsulated with iH- 
defined extension into adjacent cortex and 
fingerlike extensions separating cords and 
nests of cortical cells (Fig 1). There was also 
extension into the periadrenal adipose tissue 
in the hilar region of the gland. At the periph- 


region, but these cases are extremely 
rare.” The oecurrence of adenomatoid 
tumors actually within the substance of 
the adrenal gland has been briefly men- 


Fig 1.—Low-power view of adrenal cross section shows an ill-circummscribed nodule at the base 
of the gland. The tumor extends intothe periadrenal fat and at the periphery shows a prominent 
multicystic component (double arrcws). The surrounding adrenal cortex is hyperplastic with 
conversion of the lipid-rich cells of the zona fasciculata to lipid-poor, eosinophilic compact cells. 
A focus of myelolipomatous metaplasia is present at the edge of the tumor (single arrow) 





tioned but not ilustrated.*° Several of 
the cases reported by Plaut’ as locally 
invasive adrenal lymphangiomas ap- 
pear histologically identical to adeno- 
matoid tumors. An aderomatoid tumor, 
associated with an adrenal cortical rest 
in the spermatic cord has also been de- 
scribed.* To the best of our knowledge, 
however, an intra-adrenal adenomatoid 
tumor has not been reported with ultra- 


(hematoxylin-eosin, x 4). 
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Adenomatoid Tumor — Travis et al 


ery, there were prominent cystlike spaces. 
The tumor was composed of nests and cords 
of uniform, epithelioid cells arranged primar- 
ily ina cordlike pattern. This seemingly solid 
cordlike architecture had distinctive adenoid 
or glandlike features on close inspection with 
coalescence of intracytoplasmic vacuoles. 
Single cells occasionally had eccentrically 
placed nuclei with a cytoplasmic vacuole giv- 
ing a signet ring appearance (Fig 2). The 
nuclei were uniform and round to oval with 
vesicular, pale-staining nuclei often with a 
single small nucleolus. Most of the cells lining 
the tubular spaces were flattened or cuboi- 
dal. Single cells occasionally had eccentrical- 
ly placed nuclei and oplasmic vacuole 
giving a signet ring appearance. Due to its 
infiltrative borders, small nests of adrenal 
cortical cells were present within the tumor. 
The tumor stained negatively for mucin and 
glycogen (periodic acid-Schiff with and with- 
out diastase); however, there was positive 
periodic acid—-Schiff staining in the thin layer 
of connective tissue beneath the cells lining 
cystic parts of the tumor and focally outlining 
cords of tumor cells. The borders of the tu- 
mor cells stained for alcian blue, but no intra- 
cytoplasmic staining was found either before 
or after hyaluronidase digestion. 

Histologically the ipsilateral adrenal cor- 
tex surrounding the tumor and in the contra- 
lateral gland demonstrated diffuse hyperpla- 
sia with conversion of lipid-rich zona 
fasciculata cells to lipid-poor eosinophilic, 
compact cells. A small focus of myelolipoma- 
tous metaplasia was present at the edge of 
the adenomatoid tumor. 

Tissue from the tumor was removed from 
the paraffin block, deparaffinized in xylene, 
fixed in 2.5% glutaraldehyde solution, post- 
fixed in osmium tetroxide, and embedded in 
Maraglass 655 (Polysciences). Thin sections 
from representative areas were examined 
with an electron microscope (Philips 201). 
Ultrastructurally, the tumor cells exhibited 
well-developed desmosomes, tortuous 
(bushy) microvilli on the outer surface, and a 
moderate amount of tonofilaments in the cy- 
toplasm (Fig 3). 

Immunohistochemical investigation was 
performed using the avidin-biotin-complex 
method and alkaline phosphatase with fast 
red as the chromogen. The tumor cells were 
strongly positive for keratin (AEK1/AE3, 
Boehringer Mannheim Biochemistry, India- 
napolis, Ind), weakly positive for epithelial 
membrane antigen (Dako Corp, Santa Bar- 
bara, Calif), strongly positive for vimentin 
(Dako Corp), negative for chromogranin 
(Dako Corp), and negative for corticotropin 
(Dako Corp). The keratin stain highlighted 
the tendril-like extension of the tumor into 
the adjacent adrenal cortex (Fig 4). The 
bronchial carcinoid tumor stained positively 
for cortiedtropin (Dako Corp). 
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Fig 2.—The tumor is composed of nests and cords of epithelioid ceils with characteristic 
glandlike or adenoid features. The tumor cells have large intracytoplasmic vacuoles and 
eccentrically placed nuclei (hematoxylin-eosin, x 250). 





Fig 3.—Left, This electron micrograph demonstrates tortuous microvilli that were found along 
the luminal surface of the tumor cells (x 18 200). Right, The cytoplasm of the tumor cells 
contains a moderate amount of tonofilaments ( x 18 200). 


COMMENT 


The occurrence of adenomatoid tu- 
mors of the adrenal gland raises inter- 
esting histogenetic and differential di- 
agnostic considerations. Although 
extraordinarily rare, it is plausible that 
these tumors might arise in the adrenal 
gland, since there is a close embryologic 
relationship between the developing ad- 
renal glands and the gonads’ and these 
tumors are found most commonly in the 
genital tract of males and females. Het- 


erotopic adrenal cortical tissue can be 
found in the periovarian and peritesti- 
cular regions, and rarely gonadal-stro- 
mal tissues have been reported in the 
adrenal gland in the form of Leydig cell 
and granulosa cell tumors.” These de- 
velopmental relationships provide an 
embryologic basis forthe occurrence of 
adenomatoid tumors in the adrenal 
gland. 

We have demonstrated an adenoma- 
toid tumor in the adrenal gland and 
confirmed its mesothelial origin with 
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Fig 4.—The positive keratin staining of the tumor highlights its infiltrative borders with tendrils ot 


tumor extending among the surrounding adrenal cortical cells. The cells lining the cystic areas at 
the periphery of the tumor also stain positively (keratin, x 11.5). 


ultrastructural and immunohistochemi- 
cal studies. The presence of long bushy 
microvilli and cytoplasmic keratin tono- 
filaments by electron microscopy in 
combination with the positive immuno- 
histochemical staining for keratin, 
epithelial membrane antigen, and vi- 
mentin supports a mesothelial deriva- 
tion, in keeping with previous studies of 
adenomatoid tumors found in more con- 
ventional locations. ™* In this particular 
case with the unusual setting of 
ectopic adrenocorticotropic hormone 
syndrome, the negative staining for 
chromogranin, as well as the light-mi- 
croscopic features, point against a pheo- 
chromocytoma or metastatic carcinoid 
tumor. The negative staining for factor 
VIII supports the impression that it 
was not derived from vascular endothe- 
lium. The ultrastructural observations 
also exclude an endocrine or vascular 
origin of this adenomatoid tumor. 

The occurrence of rare adenomatoid 
tumors in the substance of the adrenal 
gland or periadrenal tissues brings up 
the general topic of histogenesis of adre- 
nal cysts.*® Recently, an adrenal cyst 
with a lining that stained positively-for 
keratin was reported.’ Although this 
case was reported as a “true” epithelial 
cyst, a fundamental question was raised 
whether it could be mesothelial in ori- 
gin. Since both types of cells are keratin 
positive, the issue of whether the cyst 
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was epithelial vs mesothelial was not 
further clarified.” The demonstration in 
this case of the mesothelial origin of an 
adrenal adenomatoid tumor with a 
prominent cystic component suggests 
that a subset of adrenal cysts may actu- 
ally be mesothelial rather than epitheli- 
al in origin. This concept is compatible 
with recent evidence suggesting that 
cysts of the spleen may be derived from 
proliferation of mesothelial inclusions." 
Thus, mesothelial inclusions may pro- 
vide an explanation for the existence of 
both adenomatoid tumors and mesothe- 
lial cysts in the adrenal gland. 

It should be noted, as in this case, that 
adenomatoid tumors may have infiltra- 
tive borders. But this feature should not 
lead to the mistaken impression of a 
malignant tumor. Since adenomatoid 
tumors stain with keratin, a case involv- 
ing the adrenal gland should not be mis- 
taken for metastatic carcinoma, a diffi- 
cult differential diagnostic problem in a 
patient with a known signet ring adeno- 
carcinoma. However, adenomatoid tu- 
mors do not produce mucin and this can 
easily be determined with the periodic 
acid—Schiff, alcian blue, or mucicarmine 
stains. 

The documentation in this case of a 
partially cystic adenomatoid tumor 
within the substance of the adrenal 
gland has important implications, on 
histogenetic and embryologic grounds, 


for the classification of “adrenal cysts.” 
Specifically, some adrenal cysts previ- 
ously believed to be epithelial may actu- 
ally be mesothelial in origin. With these 
observations in mind, consideration 
should be given to adding a new catego- 
ry of “mesothelial cysts” to the classifi- 
cation of adrenal cysts. Further delinea- 
tion of this proposed category of 
mesothelial adrenal cysts awaits im- 
munohistochemical and ultrastructural 
documentation. 
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Adenomatoid Tumor of the Adrenal Gland 


Preston R. Simpson, MD 


e Anadenomatoid tumor of the adrenal gland is presented. The tumor was discovered 
in a patient with hypertension and was clinically mistaken for a pheochromocytoma. This 
is the first reported case, to my knowledge, of an adenomatoid tumor within the adrenal 
gland, with the exception of one previous article in which the lesion was mistaken for a 
lymphangioma. This case illustrates that adenomatoid tumors can rarely occur in extra- 
genital locations, even in regions presumably devoid of mesothelial cells. 


(Arch Pathol Lab Sag: 1990; 14:725-727) 


denomatoid tumors are uncommon 

neoplasms that usually occur in the 
genital tract. Their occurrence in or- 
gans other than the epididymis, the 
uterus, or the fallopian tube is exceed- 
ingly rare. A case of an adenomatoid 
tumor of the adrenal gland is described. 





For editorial comment, see p 641 





This is the first reported case, to my 
knowledge, of such a tumor although 
previous cases may have been reported, 
but were not recognized as such by the 
authors at the time. 


REPORT OF A CASE 


A 44-year-old Hispanic man who was oth- 
erwise healthy presented with an episode of 
syncope. He was hospitalized and found to 
have a blood pressure of 270/180 mm Hg. A 
24-hour urine collection revealed excretion of 
60.6 wmol/d of vanillylmandelic acid (normal, 
<50.5 pmol/d). The assay for quantitative 
metanephrines could not be performed due to 
the presence of an interfering substance. A 
computed tomographic scan revealed a left 
adrenal gland tumor. The patient was taken 
to the operating room with a presumptive 
diagnosis of a left adrenal gland pheochromo- 
cytoma. A left adrenalectomy was per- 
formed. The operation and the postoperative 
course were uneventful. 


PATHOLOGICAL FINDINGS 


The adrenalectomy specimen mea- 
sured 3.5 x 3.2 x 3.0 cm. At one end 
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grossly normal adrenal cortex and me- 
dulla were visible. The cut surface 
showed a thin rim of cortical tissue in 
some areas. Much of the gland was re- 
placed by a fleshy gray tumor with foci 
of what was interpreted as cystic degen- 
eration. Focal calcification was present. 
A rim of normal adipose tissue was pre- 
sent over one surface (Fig 1). 
Microscopic examination showed sub- 
total replacement of the adrenal cortex 
and medulla by a neoplasm composed of 
round to oval tubular spaces with occa- 
sional branches. The spaces were lined 
by flattened cells, with scant to moder- 
ate amounts of eosinophilic cytoplasm 
(Fig 2). The tumor infiltrated the adre- 
nal parenchyma, occasionally envelop- 
ing islands of residual adrenal cortex 
(Fig 3). Rare cells had a suggestion of a 
brush border when examined at high 
power (Fig 4). The nuclei were uniform 
and oval with many of them containing a 


single nucleolus. Nuclear atypia and mi- 
totic activity were lacking. Occasional 
cells had clear cytoplasmic vacuoles. 
The tubular lumens contained small- 
sized and intermediate-sized lympho- 
cytes in some areas. The stroma con- 
tained spindle-shaped fibroblasts with 
delicate collagen fibers and occasional 
foamy macrophages. Scattered aggre- 
gates of small lymphocytes were seen 
within the tumor and at the periphery 
(Fig 5). Sclerosis and dystrophic caleifi- 
cation were seen focally. 

Mucicarmine and periodic acid-Schiff 
stains, with and without diastase diges- 
tion, revealed no evidence of glycogen 
or mucin content. Immunoperoxidase 
stains with antihuman cytokeratin 
(Becton Dickinson, Mountain View, 
Calif) were positive in the tumor cells, 
but negative for carcinoembryonic anti- 
gen (Dako Corp, Carpinteria, Calif). 


COMMENT 


Most adenomatoid tumors occur in 
the genital tract, specifically in the epi- 
didymis, fallopian tube, and uterine cor- 
pus’ but they have occasionally been 
reported in the perirenal tissues,” the 
small-bowel mesentery,’ and the omen- 
tum.’ Most pathologists are familiar 


Fig 1.—The tumor was a mostly solid mass with focal calcification and tiny punctate cysts. 
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Fig 2.—The tumor consisted mostly of small tubules lined by flattened 


mesothelial cells (hematoxylin-eosin, x 250). 


Fig 4.—In some areasthe cells lining the tubules demonstrate a brush 


border (hematoxylin-eosin, x 600). 


with adenomatoid tumors in the genital 
tract, and the diagnosis does not pre- 
sent a problem. However, in the rare 
instances in which it occurs in an extra- 
genital location, the diagnosis can be 
missed.“ 

The adenomatoid tumor is now gener- 
ally accepted as being of mesothelial dif- 
ferentiation based on ultrastructural,” 
histochemical,* and immunoperoxidase’ 
studies, although some” would argue 
that occasional ones can be endothelial. 
The reason for this peculiar mesothelial 
tumor being limited in its distribution is 
unknown. 

This case is interesting not only for 
the rare extragenital location of the 
adenomatoid tumor but also for the oc- 
currence in an organ where one would 
not expect a mesothelial tumor to arise. 
To my knowledge, this is the first case of 
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Fig 3. — The tubules infiltrate the adrenal gland and surround remn 





of adrenal cortex (hematoxylin-eosin, x 125). 
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Fig 5.— Aggregates of small lymphocytes are present in various areas, 


particularly at the periphery of the tumor (hematoxylin-eosin, x 125). 


an adenomatoid tumor within the adre- 
nal gland. Evans et al’ recertly de- 
scribed a “suprarenal” adenomatoid tu- 
mor that had the adrenal gland 
stretched over one pole of the tumor, 
with microscopic examination showing 
adrenal cortex separated from the tu- 
mor by a thin fibrous layer. The meso- 
thelial nature of that tumor was sup- 
ported by ultrastructural findings. 

Plaut” described four cases of “locally 
invasive lymphangioma” of the adrenal 
gland, but the gross and microscopic 
descriptions, as well as the photemicro- 
graphs, are more in keeping withadeno- 
matoid tumors than lymphangiomas. 
The likelihood that Plaut’s'’ -umors 
were adenomatoid has been pointed out 
previously.* Thus, this lesion has been 
previously reported but not recagnized 
as such. 


The presence of adenomatoid tumors 
in the adrenal gland is probably best 
explained by an origin from mesothelial 
inclusions that give rise to the tumors. 
This is the same mechanism that has 
been proposed for the rare true cysts of 
the adrenal gland.” Pathologists should 
be aware of the rare presence of meso- 
thelial tumors in uncharacteristic loca- 
tions to avoid misclassifying them 
as adenocarcinomas or as lymphatic 
tumors. 
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Fluoxetine and the Bleeding Time 


John E. Humphries, MD; Munsey S. Wheby, MD; Scott R. VandenBerg, MD, PhD 


e Fluoxetine (Prozac) is a nontricyclic serotonin (5-hydroxytryptamine) reuptake in- 
hibitor commonly prescribed for the treatment of depression. Fluoxetine also blocks 5- 
hydroxytryptamine reuptake in platelets and could potentially lead to clinically signifi- 
cant platelet dysfunction. We describe a patient who developed petechiae and 
prolongation of the bleeding time while receiving fluoxetine therapy. 


(Arch Pathol Lab Med. 1990;114:727-728) 


luoxetine (Prozac), a nontricyclic se- 

rotonin (5-hydroxytryptamine) re- 
uptake inhibitor, was approved in 1988 
for the treatment of depression and has 
recently been found to be efficacious in 
the treatment of obesity’ and fibrositis.” 
The most frequent side effects include 
nausea, nervousness, and insomnia and 
only very rarely are hematologic com- 
plications encountered.’ The relative 
selectivity of this drug for inhibition of 
serotonin reuptake gives it great utility 
in the treatment of psychiatric disor- 
ders. In addition to actions in the central 
nervous system, fluoxetine also blocks 
5-hydroxytryptamine reuptake in 
platelets and thus could deplete or re- 
duce platelet serotonin stores.* Never- 
theless, prolongation of the bleeding 
time, the best available in vivo test of 
platelet function, was observed in only 
one of 6724 patients receiving fluoxetine 
in clinical trials and none suffered hem- 
orrhagic complications (Lilly Research 
Laboratories, unpublished data, 1989). 
We present a case in which the occur- 
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rence of petechiae and prolongation of 
the bleeding time were attributable to 
fluoxetine therapy. 


REPORT OF A CASE 


A 44-year-old postmenopausal woman was 
referred to the University of Virginia Hema- 
tology Clinic, Charlottesville, for evaluation 
of petechiae and prolongation of the bleeding 
time (>15 minutes). She had noted mild easy 
bruising her entire life, with the develop- 
ment of a large ecchymosis following trauma 
20 years ago. The patient had suffered recur- 
rent unilateral epistaxis 10 years earlier, 
which was responsive to cauterization with- 
out recurrence. Over the past 2 years she had 
noted persistent red pinpoint spots on her 
inner arms bilaterally and intermittently on 
her shins. She denied other symptoms of dis- 
ordered hemostasis. Her only previous sur- 
gery included a tubal ligation 15 years ago 
and a salivary duct stone removal 1 year ago, 
both without hemorrhagic complications. 
She had been treated for hypertension for 5 
years with hydrochlorothiazide, 25 mg/d, 
and nadolol, 80 mg/d. At no time did the 
patient receive estrogen replacement thera- 
py. For the past 2 years she had been taking 
20 mg of fluoxetine every other day for symp- 
toms of depression. She denied alcohol and 
cigarette use and her family history was non- 
contributory. Examination was notable for 
numerous petechiae on her inner arms bilat- 
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erally, but nowhere else. Results of a labora- 
tory evaluation showed a normal platelet 
count (289 x 10°/L) and normal platelet mor- 
phology. Her prothrombin time and activat- 
ed partial thromboplastin time were normal, 
with a bleeding time prolonged to 11.5 min- 
utes (normal, 1.0 to 7.5 minutes). Assays of 
von Willebrand factor showed the following 
normal results: factor VIII: C activity, 112 
U/dL (normal, 45 to 145 U/dL); ristocetin 
cofactor activity, 108% (normal, 47% to 196 
%); and von Willebrand faetor antigen, 135% 
(normal, 49% to 192%). The fluoxetine was 
discontinued for 2 weeks and the patient was 
restudied. Her petechiae had decreased in 
number and the bleeding time was normal 
(6.5 minutes). Results of platelet aggrega- 
tion studies, using platelet-rich plasma with 
adenosine diphosphate, epinephrine, ristoce- 
tin, collagen, and serotonin as agonists, were 
normal. The patient resumed fluoxetine 
treatment for relief of symptoms of depres- 
sion and was seen again 2 weeks later. Her 
petechiae had returned and her bleeding 
time was again prolonged (>15 minutes). A 
repeated ristocetin cofactor activity assay 
was again normal (140%). She subsequently 
was able to discontinue the fluoxetine and 
within 1 month her petechiae had completely 
resolved. 


COMMENT 


Bleeding disorders from platelet dys- 
function following therapy with nontri- 
cyclic 5-hydroxytryptamine reuptake 
inhibitors are rare. Those patients who 
develop platelet dysfunction in re- 
sponse to fluoxetine may either have a 
mild underlying platelet disorder that is 
exaggerated by depletion of dense gran- 
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ule serotonin or have an altered 
platelet 5-hydroxytryptamine reuptake 
system. Given the previous evidence for 
multiple inhibitor-binding sites in the 5- 
hydroxytryptamine reuptake system,’ 
an abnormal binding site for nontricy- 
clic drugs could modify the potency of 
these compounds without directly af- 
fecting 5-hydroxytryptamine binding or 
reuptake function under drug-free con- 
ditions. The absence of a detectable 
platelet disorder in our case when the 


patient was drug free is consistent with 
this speculative mechanism. In view of 
the long half-life of this medication (1 to 
3 days) and its active metabolite (7 to 15 
days),* some caution should be exer- 
cised when treating patients with 
thrombocytopenia, or with proven or 
suspected platelet dysfunction. 
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small-cell Carcinoma of the Vagina 


A Clinicopathologie Study 


James J. Rusthoven, MD, FRCPC, Dean Daya, MD, FRCPC 


è We report a case of small-cell carcinoma of the vagina in a woman whose entire 
uterus, cervix, both fallopian tubes, and both ovaries had been removed 22 years 
previously. She presented with diffuse submucosal disease of the distal vagina with a 
possible soft-tissue component extending beyond the end of the vaginal vault. Extensive 
microscopic and immunohistochemical assessment established the diagnosis; treat- 
ment was initiated with chemotherapy, followed by local radiotherapy. To our knowl- 
edge, this is the first fully characterized case of its kind. We discuss the aggressive local 
behavior and the characteristics of gynecologic small-cell tumors in general. 


(Arch Pathol Lab Med. 1990;114:728-731) 


xtrapulmonary small-cell carcino- 

mas are rare, constituting only 4% 
of small-cell tumors in a previous study. ' 
These tumors can arise from various 
organ systems, including the gyneco- 
logic tract.** Small-cell or neuroendo- 
crine carcinoma of the cervix has been 
described recently as a distinct clinico- 


Accepted for publication December 19, 1989. 

From the Hamilton Regional Cancer Center, On- 
tario Cancer Treatment and Research Foundation 
(Dr Rusthoven), and the Departments of Medicine 
(Dr Rusthoven) and Pathology, Obstetrics, and Gy- 
necology (Dr Daya), Henderson General Hospital 
and McMaster University, Hamilton, Canada. 

Reprint requests to Hamilton Regional Cancer 
Center, 711 Concession St, Hamilton, Ontario, 
Canada L8V 1C3 (Dr Rusthoven). 


728 Arch Patho! Lab Med—Vol 114, July 1990 


pathologic entity.” Unlike earlier stud- 
ies, arecent study by Barrett et al’ used 
special stains and electron microscopy 
(EM) in addition to routine histologic 
studies to characterize these tumors. 
The identification of neurosecretory 
granules is the most definitive evidence 
of small-cell carcinomas, and EM ap- 
pears more sensitive than argyrophilic 
staining in detecting these granules.” 

We report herein a case of small-cell 
carcinoma of the vagina. To our knowl- 
edge, only one other case has been men- 
tioned in the literature and that case 
was not singled out for characterization 
among a series of cervical small-cell tu- 
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mors.” The absence of a uterus, cervix, 
and both fallopian tubes and ovaries due 
to surgery 22 years earlier makes the 
origin of this tumor in another part of 
the gynecologic system unlikely. 


REPORT OF ACASE 
Clinical Findings 


A 68-year-old white woman presented 
with a 1-month history of intermittent vagi- 
nal bleeding. A total abdominal hysterecto- 
my and right salpingo-oophorectomy had 
been performed at age 39 years for dysfunc- 
tional uterine bleeding. Two years later, the 
left adnexa were removed for an ovarian 
mass; a benign ovarian cyst was found. Phys- 
ical examination at presentation revealed a 
small soft pink—tan nodule, 2 cm in diameter, 
in the right upper anterior portion of the 
vagina. A biopsy was performed and the re- 
sults were reported as small-cell carcinoma. 

On physical examination at our center 3 
weeks later she was found to have nodularity 
at the biopsy site and two new nodules adja- 
cent to this site measuring 3 and 5 mm’ in 
area. No paravaginal masses were seen. Cys- 
toscopic examination revealed a normal mu- 
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cosa and slight elevation in the trigone area 
that corresponded to the area of the vaginal 
lesions. Biopsy specimens, which were ob- 
tained from both new nodules, were diag- 
nosed as small-cell carcinoma. The patient 
underwent staging investigations. Chest 
roentgenogram and computed tomographic 
(CT) sean of the thorax were normal. A CT 
scan of the abdomen and pelvis suggested a 
small focal collection of soft tissue just poste- 
rior to the bladder and at the distal vaginal 
level on the left side. No invasion of the blad- 
der or rectosigmoid was noted. An ultra- 
sound scan of the pelvis done within 1 week 
was normal. It was concluded that this might 
represent external growth of the tumor from 
the vagina but it was not arising from urinary 
bladder or rectosigmoid. 

Following staging tests and 2 weeks after 
the second biopsy, erythema, edema, and 
easily induced local bleeding were noted at 
the biopsy sites. No bulky intravaginal or 
extravaginal disease could be palpated on 
bimanual pelvic examination. It was decided 
to treat the patient with combination chemo- 
therapy because of the likelihood of micro- 
scopic metastatic disease with this histologic 
type. She was initially treated with etoposide 
(VP-16) and cisplatin (cis-platinum), one of 
the most effective combinations for the treat- 
ment of small-cell carcinomas. The manage- 
ment plan included radiotherapy to the vagi- 
na following six courses of chemotherapy. 

The patient experienced severe neutro- 
penia and fatigue following her first course of 
chemotherapy. Three weeks after chemo- 
therapy was given, the vaginal mucosa was 
normal by inspection. By palpation, fine no- 
dularity persisted around the sites of the 
previous biopsies. A second cycle of chemo- 
therapy again resulted in severe neutropenia 
necessitating a delay in treatment. At reex- 
amination 4 weeks after her second cycle, a 
1.5x3.0-cm area of coarse nodularity was 
noted on palpation in the submucosal portion 
of the distal right anterior part of the vagina. 
The mucosa appeared normal. Repeated CT 
scan of the pelvis showed no pelvic masses or 
other abnormalities. One week later, muco- 
sal disruption over the nodular area was not- 
ed. Because of this local disease progression, 
radiotherapy was initiated to encompass the 
pelvis and lower para-aortic regions. 

She was well for 6 months before episodes 
of confusion and memory loss developed. On 
admission to the hospital, a full diagnostic 
workup concluded with a diagnosis of a syn- 
drome of inappropriate antidiuretic hormone 
secretion. Complete examination and restag- 
ing tests, including CT sean of thorax, abdo- 
men, and pelvis, failed to show recurrent or 
metastatic tumor. With fluid restriction and 
demeclocycline hydrochloride therapy, her 
clinical condition returned to normal and se- 
rum sodium levels rose to near normal val- 
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ues. She was discharged from the hospital on 
a regimen of demeclocycline and close clinic 
follow-up was planned. 

Three weeks after hospital discharge, she 
was transferred to our hospital with a diag- 
nosis of recurrent syndrome of inappropriate 
antidiuretic hormone secretion. At the initial 
assessment, the patient’s platelet count was 
subnormal (168 x 10’/mL). A bone marrow 
aspiration and biopsy were performed; the 
findings showed carcinoma cells consistent 
with recurrent anaplastic small-cell carcino- 
ma. Again, no recurrent local pelvic tumor 
was found. She was transferred to another 
hospital for wide-field radiotherapy but she 
died within 6 weeks. Postmortem examina- 
tion was not performed. 


Materials and Methods 


The tumor was scrutinized by light micros- 
copy, EM, and immunohistochemical tech- 
niques. Studies with special stains for the 
demonstration of cytoplasmic granules, in- 
cluding Grimelius, Masson-Fontana, and 
Churukian stains were carried out. Immuno- 
histochemical staining for neuron-specific 
enolase (NSE), cytokeratins, CAM 5.2 (Bec- 
ton-Dickinson, Mountainview, Calif), and 
AE1/AE3 (Hybritech, San Diego, Calif) 
were also performed. Electron microscopy 
was used to detect the ultrastructural detail 
of cytoplasmic granules. Tumor specimens in 
formaldehyde solution-fixed paraffin-em- 
bedded blocks were deparaffinized and post- 
fixed for 1 hour at 4°C in 1% cacodylate- 


buffered osmium tetroxide. Prepared 
specimens were examined using an electron 
microscope (Philips 301). 

RESULTS 


Because of its unique clinical presen- 
tation and the therapeutic implications, 
this case was carefully scrutinized as to 
its histologic type. Under light micros- 
copy, the tumor showed a diffuse sub- 
mucosal infiltrate of small cells with 
round to oval and spindle-shaped nuclei 
with scant cytoplasm. Hyperchromasia, 
individual cell necrosis, and a high mi- 
totic rate were prominent features. Fo- 
cally, islands and anastomosing trabec- 
ulae of cells separated by collagen tissue 
were noted. The overlying vaginal mu- 
cosa was completely normal (Fig 1) and 
composed of benign stratified squamous 
epithelium. At no point did the tumor 
encroach on this epithelium. There was 
no obvious continuity between the 
tumor and overlying squamous epi- 
thelium. 

Studies with special stains for the 


demonstration of cytoplasmic granules 
(Grimelius, Masson-Fontana, and 
Churukian) were negative. Immunohis- 
tochemically, the tumor cells were fo- 
cally but strongly positive for NSE as 
well as for cytokeratin and CAM 5.2. 
Ultrastructurally, the cells were 
closely apposed but no obvious cell june- 
tions were identified. The nuclei were 
round to oval with clumping and mar- 
gination of chromatin. Distinct, neuro- 
secretory granules were identified, 
measuring approximately 150 pum in di- 
ameter (Fig 2). These results confirmed 
the diagnosis of small-cell carcinoma. 


COMMENT 


Ulich et al” reported the most com- 
plete characterization of gynecologic 
small-cell tumors to date. Nine cervical 
tumors and one vaginal tumor were as- 
sessed by EM and a panel of immunohis- 
tochemical stains. The vaginal tumor 
was not described separately. While re- 
sults using argyrophilic stains and im- 
munohistochemical stains for serotonin, 
chromogranin, keratin, CAM 5.2, 
AE1/AE38, carcinoembryonic antigen, 
and S100 protein showed variable de- 
grees of positivity, all tumors tested 
stained positively for NSE (10/10). Sim- 
ilarly, all specimens showed ultrastruc- 
tural evidence of dense-core secretory 
granules. 

In the series of Barrett et al,” three 
small-cell tumors of the cervix studied 
by EM displayed neurosecretory gran- 
ules but none of these three stained for 
NSE and only one stained for neurose- 
cretory granules by the Grimelius 
method. Neurosecretory granules were 
detected in some tumors with evidence 
of squamous or adenomatous differenti- 
ation. This supports other evidence that 
small-cell carcinomas may have a poten- 
tial to differentiate along several mor- 
phologic lines. However, the definition 
of a neuroendocrine small-cell carcino- 
ma requires the detection of neurose- 
cretory granules by EM and morpholo- 
gic criteria for small-cell carcinoma 
(sheets of small cells with trabeculae, 
rosettes, or ribbons).” A recent report of 
poorly differentiated neuroendocrine 
carcinoma of unknown primary re- 
quired only the presence of dense-core 
granules on EM as definitive criteria for 
this entity.” 
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Fig 1.—Left, Small-cell anaplastic carcinoma involving the submucosa. The overlying epithelium is 
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histologically normal (hematoxylin-eosin, x 30). Right, Small-cell anaplastic carcinoma of vagina. High- 
power view showing small hyperchromatic nuclei arranged in a trabecular pattern (hematoxylin-eosin, 


x 250). 
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vagina showing tightly packed cells with little cytoplasm (=x 5000). Right, High-power view showing 


distinct membrane-bound neurosecretory granules in the cytoplasm ( x 40 000). 


Our case is morphologically typical of 
small-cell carcinomas that originate 
from the lung and other organs. Positive 
staining for NSE and characteristi 
neurosecretory granules on EM con- 
firmed the diagnosis. Extensive staging 
investigations showed no evidence of 4 
primary lung tumor, including repeate 
chest roentgenograms 3 months afte 
the original biopsy. The small focus oi 
soft tissue adjacent to the distal part oi 
the vagina may have represented 
growth in the vaginal lesions or mą 
have represented artifact. Cystoscop 
and repeated CT scan provided no e 
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dence for a primary tumor of the urinary 
bladder or rectosigmoid invading the 
vagina. Removal of the whole cervix 24 
years earlier rules out the possibility of 
a primary cervical carcinoma. 

Therapy for this tumor was deter- 
mined by the clinical behavior of small- 
cell carcinomas from other sites. ™ Lung 
small-cell tumors rapidly metastasize 
when the primary tumors are small. 
Chemotherapy with cyclophosphamide, 
doxorubicin hydrochloride, and vincris- 
tine sulfate or etoposide and cisplatin 
results in excellent responses and up to 
a 15% 3-year rate of disease-free surviv- 


al in patients with limited stage dis- 
ease. ™® Appropriate therapy for small- 
cell tumors from other sites is less clear 
but most authors acknowledge a high 
propensity to metastatic progression 
and recommend chemotherapy as initial 
therapy.'*” While squamous or glandu- 
lar elements are found in about 15% of 
small-cell carcinomas of the lung and 
could predict for a lower response rate, 
only cells consistent with small-cell car- 
cinoma were found in the marrow.’*”* 
The development of the syndrome of 
inappropriate antidiuretic hormone se- 
cretion is intriguing because of its fre- 
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quent association with small-cell carci- 
nomas of the lung. The initial absence of 
detectable recurrent tumor suggested 
an unknown cause or the presence of a 
small volume of tumor that secretes a 
high level of ectopic antidiuretic hor- 
mone. The clinical suspicion remained 
high, however, and gross tumor was 
detectable in the bone marrow within 
several weeks. Retreatment was diffi- 
cult in light of the previous poor toler- 
ance and response to chemotherapy. 

In 1982, small-cell carcinoma of the 
endometrium was reported by Olson et 
al’ in a 60-year-old woman. The case of 
Ulich et al” involving the vagina was not 
discussed in detail and may have repre- 
sented local metastatic disease spread- 
ing submucosally from the cervix. Our 
case clearly demonstrates the potential 
for rapid submucosal spread when the 
vagina is involved. A report by Barrett 
et al’ suggests that cervical tumors have 
a poor prognosis similar to small-cell 
tumors of other sites, even when pa- 
tients present with stage I disease. 
Their study and others suggest that the 
presence of neurosecretory granules 


may be associated with a poor out- 
come.” Whether the same is true for 
small-cell carcinomas originating in the 
vagina is yet unclear. 
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Adenocarcinoma of the Uterine Cervix of Small Intestinal 


Type Containing Numerous Paneth Cells 


Kenneth R. Lee, MD, Thomas D. Trainer, MD 


èe A case of invasive adenocarcinoma of the uterine cervix with small intestinal 
differentiation to include numerous Paneth cells is presented. The light microscopic 
findings are confirmed by immunohistochemical and electron microscopic study. To our 
knowledge, this is only the second reported case of small intestinal cervical adenocarci- 
noma that contained Paneth cells and the first with ultrastructural and immunohisto- 
chemical confirmation. A small focus of in situ adenocarcinoma with similar features is 


seen adjacent to the invasive area. 
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denocarcinomas of intestinal type 
that contain Paneth cells are seen 
most commonly in the gastrointestinal 
tract,’ but have rarely been report- 
ed in the gallbladder,” urinary bladder,’ 


sinonasal region,’ and cervix.’ We pre- 
sent the light and electron microscopic 
features of an invasive adenocarcinoma 
of the uterine cervix of small intestinal 
type that contained numerous Paneth 
cells. 


REPORT OF A CASE 


A 41-year-old-woman complained of a copi- 
ous vaginal discharge and postcoital hemor- 
rhage. Her cervix was described as enlarged, 
firm, and friable. A cytologic smear was diag- 
nosed as adenocarcinoma. Her previous 
smear, 15 years earlier, was negative. A 
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punch biopsy disclosed adenocarcinoma con- 
taining intestinal-type epithelium including 
goblet cells and cells with eosinophilic gran- 
ules in the cytoplasm resembling Paneth 
cells. A radical hysterectomy was per- 
formed. Fifty-two pelvic and _ periaortic 
lymph nodes were removed without evi- 
dence of metastases. The ovaries were nor- 
mal. The patient had no evidence of recur- 
rent or metastatic disease 16 months after 
her surgery. 


MATERIALS AND METHODS 


Serial circumferential sections of the cer- 
vix were fixed in formaldehyde solution and 
embedded in paraffin. These were stained 
with hematoxvlin-eosin. Special stains in- 
cluded Masson trichrome, phosphotungstic 
acid—hematoxylin, Fontana’s silver impreg- 
nation, Sevier-Munger silver, periodic 
acid-Schiff, and mucicarmine. Immunohisto- 
chemical staining for lvsozyme (1:300, Dako 
Corp, Santa Barbara, Calif) was performed 
on paraffin-embedded sections using the avi- 
din-biotin-peroxidase complex technique. 

Tissue for electron microscopic examina- 
tion, previously fixed in formaldehyde solu- 
tion, was postfixed in Karnovsky’ phos- 
phate buffer solution and subsequently 
embedded in Spurr’s resin. Thin sections 
were cut on a microtome (Reichert Ultracut 
E), stained with uranyl acetate—lead citrate, 
and examined with a microscope (Zeiss 10 
CA). 


PATHOLOGIC FINDINGS 
Gross Findings 


No obvious tumor mass was seen. In- 
stead, the cervical mucosa was replaced 
circumferentially by a yellow, mucoid- 
appearing tissue that extended 2.5 cm 


Fig 1.—Invasive adenocarcinoma of the cervix. The glands are lined 
by columnar cells, occasional goblet cells, and Paneth cells with dark 
granular apical cytoplasm (arrows) (nhematoxylin-eosin, x 450). 
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upward from the transformation zone 
and into the cervical wall to a maximal 
depth of 1.5 cm. 


Microscopic Findings 


Light microscopic examination dis- 
closed an invasive, well-differentiated 
adenocarcinoma. Superrficially, the 
glands were small and irregular, while 
in the deeper levels many of them were 
markedly distended by large amounts of 
pale-staining muceid material. In these 
areas, the glands were focally devoid of 
lining cells. The tumor cells showed dif- 
ferentiation toward small intestinal epi- 
thelium. The predominant cell was tall 
and columnar, similar to the crypt cell of 
the small intestine. There was a moder- 
ate amount of apical cytoplasm. The nu- 
clei were moderately enlarged, elongat- 
ed, and coarsely granular, with chro- 
matin clearing and small nucleoli. 
Mitoses were not abundant, but were 
easily found. These cells were inter- 
spersed with occasional goblet cells con- 
taining large, clear cytoplasmic vacu- 
oles. Scattered throughout the malig- 
nant glands, particularly in the 
superficial areas, were neoplastic cells 
resembling Paneth cells. These cells 
contained closely packed, small, in- 
tensely eosinophilic cytoplasmic gran- 
ules in a supranuclear location. The nu- 
clei of these cells were basally oriented 
and difficult to distinguish from those of 
adjacent cells (Fig 1). Some of the 
glands were lined almost entirely by 
Paneth cells (Fig 2). Mucicarmine and 


periodic acid—Schiff stains confirmed 
the presence of intracytoplasmic mucin 
in the cytoplasm of the goblet cells, 
along the apical portion of the other cells 
and filling the lumina of the cystically 
dilated glands. The phosphotungstic 
acid—hematoxylin stain demonstrated 
the granules of the Paneth cells, as did 
Masson trichrome. However, the gran- 
ules were best visualized by the hema- 
toxylin-eosin stain. A Fontana silver 
stain for argentaffin cells was positive in 
rare cells at the base of the malignant 
glands. The Sevier-Munger silver stain 
for argyrophilia was negative. The 
immunohistochemical stain for lyso- 
zyme was strongly positive in the cyto- 
plasm of many more tumor cells than 
appeared as Paneth cells by light mi- 
croscopy, perhaps an indication of par- 
tial Paneth cell differentiation. A sec- 
tion of small intestine, run as a control, 
stained for lysozyme only in the Paneth 
cells at the base of the crypts. 

In the endocervix, adjacent to the up- 
per border of the invasive tumor, was a 
focus of in situ adenocarcinoma. The 
glands in this area communicated with 
the surface epithelium and were not dis- 
torted in shape. No stromal response 
was seen around them, and they were 
located adjacent to other glands higher 
in the endocervical canal, which ap- 
peared normal. The cells lining the area 
of adenocarcinoma in situ were similar 
to those in the invasive areas, including 
Paneth cells and goblet cells. There was 
no focus of non-neoplastic intestinal 
metaplasia seen. 


Fig 2.—Adenocarcinoma cells with abundant eosinophilic granular 
cytoplasm. Almost all of the epithelial cells in this field are neoplastic 
Paneth cells (hematoxylin-eosin, x 300). 
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Fig 3.—Neoplastic Paneth cell with promi- 
nent suprabasalar electron-dense granules 
and basally oriented nucleus ( x 1600). 





Ultrastructural Findings 


The majority of neoplastic cells had 
the appearance of mucus-secreting epi- 
thelial cells. Junction complexes were 
prominent, and microvilli lined the api- 
cal surfaces where lumina were often 
formed by adjacent tumor cells. The mi- 
crovilli projecting into the lumina had 
prominent filamentous core rootlets ex- 
tending downward into the apical cyto- 
plasm and were frequently associated 
with glycocaliceal bodies in the lumina. 
Scattered isolated epithelial cells con- 
tained large and very electron-dense 
granules. These cells had relatively 
sparse and stubby microvilli and a very 
prominent Golgi apparatus, typical of 
Paneth cells’ (Fig 3). 


COMMENT 


Paneth cells, normally found at the 
base of the crypts of Lieberkiihn in the 
small intestine of children and adults 
and in the colon of infants, still have an 
undefined function. ' They are presumed 
to have a nutritional role because of 
their prominent Golgi structure and se- 
cretory granules. The presence of the 
bacteriolytic enzyme lysozyme and evi- 
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dence of bacterial phagocytic activity in 
Paneth cells in rats suggest that these 
cells may play some role in controlling 
intestinal flora.’ Paneth cells may be 
encountered in the colon of patients 
with chronic inflammatory processes 
such as ulcerative colitis and Crohn’s 
disease and in gastric mucosa that has 
undergone intestinal metaplasia. "' 

Invasive malignancies outside the 
gastrointestinal tract containing small 
intestinal epithelial differentiation, 
which includes Paneth cells, are quite 
rare. These have previously been de- 
scribed in the gallbladder,” urinary 
bladder,’ sinonasal mucosa,’ and cer- 
vix.’ Although small intestinal adeno- 
carcinoma of the cervix containing gob- 
let cells and argentaffin cells has been 
reported, the single cervical cancer 
cited above is the only previously pub- 
lished example containing Paneth cells, 
to our knowledge. In that case, the tu- 
mor contained intestinal-type cells with 
brush borders, goblet cells, argentaffin 
cells, and “a few Paneth cells in a small 
proportion of the tumor acini.” This is in 
contrast to the current case, in which 
Paneth cells were numerous and easily 
found. Also, confirmatory electron mi- 
croscopic and immunohistochemical 
studies were not performed in the previ- 
ous case. 

Benign and premalignant small intes- 
tinal metaplasia of the cervix has been 
described. In one report,’ cervical intes- 
tinal metaplasia was seen in three cases. 
In these three cases, however, there 
were no Paneth cells. Of interest is that 
in two of these cases there was evidence 
of concomitant squamous carcinoma in 
situ and what was thought to be “bor- 
derline glandular malignancy.” Among 
72 cases of adenocarcinoma in situ of the 
cervix,” 21 were thought to be of intesti- 
nal type (defined as areas where goblet 
cells were prevalent). In all 21 cases, 
there was also a component of ordinary 
endocervical in situ neoplastic change. 
In this group, argyrophil or argentaffin 
cells were found in four cases and Pan- 
eth cells were present in one. 

In the present case, the finding of an 
area of in situ intestinal adenocarcinoma 
containing Paneth cells indicates that 
the invasive component of this very rare 
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variety of cervical adenocarcinoma may 
have arisen from an area of small intesti- 
nal metaplasia containing Paneth cells 
that then proceeded to in situ and then 
invasive adenocarcinoma of a similar 
type. Alternatively, small intestinal dif- 
ferentiation of the neoplastic cells them- 
selves, “neometaplasia,” may have been 
the pathway of tumor cell differentia- 
tion. This possibility has been used to 
explain the miillerian origin of areas of 
intestinal appearance in benign and bor- 
derline mucinous ovarian neoplasms,” 
and might also apply to this cervical 
adenoearcinoma, presumably also of 
miillerian derivation. In either case, a 
small intestinal pattern of differentia- 
tion that includes Paneth cells, although 
extremely rare, must be included 
among the possible types of in situ and 
invasive adenocarcinomas of the cervix. 


The authors thank Robert E. Seully, MD, for 
reviewing the case and Karen L. Brown for typing 
the manuscript. 
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Advances in Science and Pathology 


Image Cytometry 


he Society for Analytical Cytology held its annual 

international meeting, March 18 through 23, 1990, in 
Asheville, NC. The Society is a group of engineers, research 
scientists, and physicians, all interested in quantitative cell 
analysis. This Society and its journal, Cytometry, are one of 
the prime sources of scientific information about quantita- 
tive cell analysis. This year, image cytometry, an alternate 
technique to the more popular flow cytemetry, saw signif- 
icant advances as a diagnostic tool for pathologists. 

Image cytometers are quantitative microscopes that look 
at the image via a CCD solid-state camera. These cameras, 
much improved over the traditional television camera, are 
specifically designed for quantitative analysis of an image. 
The degree of resolution is measured by the number of 
“pixels” mapped per square micron of the image. A pixel is 
a single digitized element that is encoded as a number in 
computer memory corresponding to the light intensity from 
that element. The more pixels to an image, the more reso- 
lution. Theoretical considerations suggest that 100 pixels 
per square micron would produce an image equal to the 
limit of resolution of a light microscope. This degree of res- 
olution has not yet been reached, but 16 pixels per square 
micron are common. This means that an epithelial cell on 
an endocervical smear, with a surface area of 100 square 
microns, is represented as a digitized image by some 1600 
pixels. 

Once the image has been digitized, the computer software 
goes to work. With each cell representing thousands of data 
points, a powerful computer is necessary. Desktop micro- 
computers, augmented by special image processing boards, 
are now up to the task. Various software applications allow 
automated recognition of cell types or quantification of cell 
parameters such as volume or nuclear shape. Alternatively, 
the software may operate in an interactive mode allowing 
the user to point to cells on the television screen and ask 
specific features to be measured. 

An example of these applications is the measurement of 
DNA content in cells. This allows for DNA ploidy histo- 
grams on clinical samples such as cytologic smears, fine- 
needle aspiration samples, or paraffin-embedded histologic 
sections. The computer recognizes individual cells and dis- 


News and Comment 


Molecular Biology Course Announced 


The American Association of Pathologists will cosponsor, 
with the US and Canadian Academy of Pathology, a 3'2-day 
course entitled “Concepts in Molecular Biology” from No- 
vember 1 through 4, 1990, in Bethesda, Md. The course will 
consist of lectures, tutorials, laboratory demonstrations, 
and a syllabus with annotated bibliographies and labora- 
tory protocols. The course has been designed for diagnostic 
and experimental pathologists, basic scientists, and clinical 
investigators who desire to become conversant with the ba- 
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cards artifacts or overlapping cells. The DNA in the cell is 
stained with a fluorescent dye such as propidium iodide. The 
relative intensity level of fluorescent light coming from the 
nuclear area is a measure of DNA content for that cell. 

A common variation on this application is to project a 
low-power image on the screen of a computer work station. 
The pathologist selects any abnormal tumor cells from a 
background of stromal or inflammatory cells and asks for 
DNA ana ysis on this selected group only. The ability to se- 
lect cells based on morphology is a distinct advantage of 
image cytometry compared with the companion technology 
of flow cytometry. Flow cytometry, although fast, requires 
single-cel. suspensions and can look at only a few subpop- 
ulations cf cells. Image cytometry can utilize traditional 
slide preparations and can separately analyze any group of 
cells the cperator visually identifies. 

In addition to the well-developed applications for DNA 
ploidy studies, image cytometry at this meeting was seen to 
be opening up in a number of new directions. Several groups 
at the Soeiety for Analytical Cytology meeting reported 
general purpose digital microscope work stations. These 
advanced microscopes permit the user to interact with dig- 
ital images for a large variety of purposes. One such appli- 
cation is the storing of images for reference purposes, 
replacing the traditional photographic slide collection. 
Digital images may be recorded on large scale storage de- 
vices, each image requiring up to 4 megabytes of space. Once 
digitized end saved as a file, an image can be processed by 
a number of general purpose software routines. It is now 
feasible fcr a pathologist to generate a report combining 
images with text. Additionally, consultation on cases may 
be obtained by connecting work stations via a network. The 
quality of digital images in these systems equals or exceeds 
the best images viewed through the oculars of a high-qual- 
ity microscope. The reason the image exceeds the best op- 
tical microscope is color and contrast enhancement pro- 
grams anc other techniques for making the image “better 
than real.” 

The skil s of a surgical pathologist are not supplanted by 
image cytometry but, in fact, the quantitative data appear 
to enhance the abilities of a morphologist to discern subtle 
distinctiors. The near future holds the likely prospect of all 
surgical pathologists referring to their basic tool as a mi- 
croscope work station, looking at screens rather than down 
the tubes ef ocular eye pieces. 

DENNIS W. Ross, MD, PHD 
Chapel Hill, NC 


sic principles and concepts of recent advances in biotech- 
nology. Specifically, emphasis will be placed on understand- 
ing nucleic acid molecular biology and its application to 
diagnesis and pathogenesis of human disease. Because 
space for ceurse attendance is limited, registrations are be- 
ing accepted on a first-come, first-served basis. Category 1 
continuing medical education credit will be available. For 
more information and registration forms, contact the 
American Association of Pathologists, 9650 Rockville Pike, 
Bethesda, MD 20814; (301) 530-7130. 


Advances in Science and Pathology/News and Comment 
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Books 
Section Editor: Robert D. Langdell, MD 


Principles and Practice of Infectious Diseases, ed- 
ited by Gerald L. Mandell, R. Gordon Douglas, Jr, 
and John E. Bennet, 2446 pp, with illus, $185, New 
York, NY, Churchill Livingstone Inc, 1990. 


Principles and Practice of Infec- 
tious Diseases has become established 
as the gold-standard textbook for dis- 
cussion of infectious diseases. The 
third edition is expanded and exten- 
sively rewritten to reflect new devel- 
opments in infectious diseases over the 
last 5 years. Those familiar with pre- 
vious editions will recall that the text 
is organized into four sections: “Basic 
Principles in the Diagnosis and Man- 
agement of Infectious Diseases,” “Ma- 
jor Clinical Syndromes,” “Infectious 
Diseases and Their Etiologic Agents” 
(the major portion of the text), and 
“Special Problems.” Chapters that 
have not been rewritten are revised 
and updated. The star-studded cast of 
distinguished authors is again present. 
There are also contributions by new 
authors. 

Important new chapters in the basic 
principles section are “A Molecular 
Perspective of Microbial Pathogenici- 
ty,” “Evaluation of the Patient With 
Suspected Immunodeficiency,” “Mech- 
anisms of Antibiotic Resistance,” 
B-lactam Allergy,” and “Quinolones.” 
New contributions to the major clini- 
cal syndromes section include “The 
Acutely Ill Patient With Fever and 
Rash,” “Cystic Fibrosis,” “Infections 
With Prostheses in Bones and Joints,” 
“Slow Infections of the Central Ner- 
vous System,” and a new subsection, 
“Acquired Immune Deficiency Syn- 
drome.” Pathogens newly recognized 
since the second edition are discussed 
in the section on etiologic agents, in- 
cluding papillomaviruses, reoviruses, 
orbiviruses, parvoviruses, clinically 
important retroviruses, prions, infec- 
tion with Chlamydia pneumoniae, 
Lyme disease, borreliosis, the cat- 
scratch disease agent, microsporidia, 
and human Ehrlichiosis. The special 
problems section has been expanded to 
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include a discussion of human immuno- 
deficiency virus type 1 in the health 
care setting and specific coverage of 
infections in selected populations, such 
as bone marrow transplant recipients, 
solid-organ transplant recipients, the 
elderly, and patients with spinal cord 
injuries. 

This is the best edition yet of this 
excellent encyclopedic textbook of in- 
fectious diseases. It is a valuable re- 
source for all practitioners, not to 
mention pathologists, clinical micro- 
biologists, hospital infection-control 
personnel, residents, fellows, and med- 
ical students, who diagnose and treat 
patients with infectious diseases. The 
only drawback of this book is its rela- 
tively high cost, which may be prohib- 
itive for many. 

JOHN A. BRYAN, MD 
Atlanta, Ga 


Progress in AIDS Pathology, edited by Heidrun 
Rotterdam, Sheldon C. Sommers, Paul Racz, and 
Paul R. Meyer, 249 pp, with illus, $75, New York, 
NY: Field & Wood Medical Publishers Inc, 1989. 

In the preface to Progress in AIDS 
Pathology, it is stated that it “offers a 
forum to diagnostic pathologists and 
researchers dealing with (the acquired 
immunodeficiency syndrome [AIDS]) 
to discuss their findings and thoughts” 
with the aim of providing up-to-date 
information for practicing patholo- 
gists. The present volume is a compi- 
lation of 17 chapters dealing with a 
variety of topics and contributions 
from 48 authors, including many dis- 
tinguished pathologists and other cli- 
nicians and investigators. 

The above-mentioned task is done 
with an excellent introductory chapter 
surveying the pathologic characteris- 
tics of AIDS. Diseases of the central 
nervous system seen in the course of 
human immunodeficiency virus (HIV) 
infection are emphasized in this vol- 
ume. Chapter 8, dealing with a com- 
parison of pediatric and adult neuro- 


pathology, succeeds in meeting the ex- 
ceptionally high standard of clear 
medical writing set forth in chapter 1. 
Because of the increasing awareness of 
the neuropsychiatric complications of 
HIV infection, the emphasis given to 
the nervous system in this book is cer- 
tainly warranted. The review of lung 
biopsy specimen interpretation and 
pulmonary pathology of AIDS (chap- 
ter 4) is excellent, providing a remark- 
able wealth of information in a suc- 
cinct manner. However, the chapter 
entitled “AIDS and the Heart” is too 
brief to address the increasingly ap- 
parent significance of cardiac disease 
in AIDS. Several chapters also report 
the results of current research. Most of 
these chapters discuss topics that are 
either directly relevant to pathologic 
diagnosis or basic investigation of HIV 
infection. Many readers of this volume, 
however, will question the allocation 
of two chapters (chapters 9 and 10) to 
reports that deal, respectively, with 
autopsy findings of three patients with 
cytomegalovirus infection of the pe- 
ripheral nervous system and clinically 
observed motor disorders. The rather 
speculative chapter dealing with a hy- 
pothesis concerning the pathogenesis 
of HIV infection of the central nervous 
system is subject to the same criticism. 

A strong point of this volume is the 
bibliography of most chapters. The 
quality of the illustrations in this book 
is generally superior, as is the paper 
used. There are remarkably few typo- 
graphical errors. 

This book appears to have succeeded 
in its stated goals quite well. Progress 
in AIDS Pathology is likely to prove to 
be a valuable addition to the libraries 
of practicing pathologists and those in 
metropolitan medical centers who 
have been, unfortunately, forced to 
deal with a large number of surgical 
and autopsy specimens from HIV-in- 
fected persons. 

AZORIDES RAFAEL MORALES, MD 
Miami, Fla 
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Classified Advertising — 


All classified advertising orders, correspondence and payments should be directed to: Archives of Pathology & Laboratory Medicine, P.O. 
Box 1510 Clearwater, Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 813-443-7666. 
Please donot send classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 
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CLASSIFIED 
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Regular Classified 1Time 3Times 

or more” 
Cost per word $1.25 $1.10 
Minimum 20 words. per issue 








*in order to earn the three-time rate, your ad must be placea 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 


one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. Wren box numbers are 
used for replies, the words “Box , c/a 
APLM” are to be counted as three words. 





Classified Display 1 Time 3 Times 
| Full page $730 $635 
Two-thirds page 624 543 
One-half page 551 480 
One-third page 423 368 
One-sixth page 219 91 


Column inch 50 45 


Minimum display a¢ one column inch 
12-time rate availabe on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ac 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy. correspondence, production 
materials and payments to: 
archives of 
Pathology. 
Laboratory Medicine 


Classified Department 
P.O. Box 1510, Clearwater, Florida 3461 


For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Loca! 813-443-7666 


Professional Opportunities 


GENERAL PATHOLOGIST with immuno or hema- 
topathology interest to join 12-physician group. 
Service area of 400,000 Four hospitals and two med- 
ical labs contribute te large and very successful 
practice. This four-city area is located on the Missis- 
sippi River just 22 hours from Chicago. Spend 95% 
of your time at just one hospital. Area well known for 
its excellent schools and numerous recreational anc 
social amenities. Send CV or call: Ken Sammut, 
Jackson and Coker, 115 Perimeter Center Place. 
Suite 380 APLMO, Atlanta, GA 30346. Telephone: 
(800) 544-1987. 











Faculty Positions 


ANATOMIC PATHOLOGIST AUTOPSY SERVICE 


— The University of Texas Medical Branch at Gal- 
veston: The University of Texas Medical Branch at 
Galveston has a career opportunity for a board- 
certified pathologist, AP/CP. UTMB employs 8,400 
people and consists of fourschools, seven hospitals 
and two research institutes. We are seeking a full- 
time academic pathologist at the Assistant or As- 
sociate Professor level. The position involves clini- 
cal service in autopsy pathology, participation in 
departmental teaching activities for medical stu- 
dents, pathology residents and interdepartmental 
conferences, as well as a strong interest in basic 
research. Preference will be given to applicants who 
have demonstrated the ability to develop and con- 
duct independent research projects. Anatomic 
Pathology board certification and eligibility for a 
Texas license are required. Opportunity for collabo- 
ration in areas of ongoing research include patho- 
biology of infectious diseases, toxic and chemical 
injury, and molecular biology of oncogenesis. Inter- 
ested persons should send a curriculum vitae, 
including names, adcresses, and phone numbers of 
three references to: Abida K. Haque, MD, Director of 
Autopsy Service, The University of Texas Medical 
Branch, Route G-47, Galveston, TX 77550. (409) 
761-2858. UTMB is an equal opportunity m/f/h/v 
affirmative action employer. UTMB hires only indi- 
viduals authorized to work in the United States. 


CLINICAL 
CHEMISTRY 
FELLOWSHIPS 


MAYO CLINIC 
ROCHESTER, MINNESOTA 


The Clinical Chemistry Section at 
Mayo Clinic is seeking applicants 
for one- or two-year fellowships in 
training programs directed toward 
qualified individuals (PhD or MD 
required) pursuing careers in clini- 
cal chemistry. 


Individuals completing the program 
are eligible for certification by the 
American Board of Clinical Chemis- 
try or for subspecialty certification 
by the American Board of Pathology. 


Applications on file by July (pathol- 
ogy) or October (postdoctoral) 1990 
will be considered for appointment 
in July 1991. 


Contact: George M. Lawson, PhD, 
Division of Laboratory Medicine, 
Mayo Clinic, Rochester, MN 55905, 
for more information. 


An equal opportunity/affirmative 
action employer. 





MBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
_c/o APLM, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Pathology & Laboratory Medicine. 


Directors Wanted 


CHIEF OF SERVICE — The Department of Pathol- 


ogy at Michael Reese Hospital and Medical Center is 
inviting applications for the position of Chief of Serv- 
ice. Candidates must have an MD degree, be eligible 
for licensure in the State of Illinois, board-certified in 
Pathology, and have academic credentials for 
appointment at the level of full Professor at the Uni- 
versity of Illinois. Acceptable candidates should 
have a record of academic achievement in Pathol- 
ogy. Major responsibilities will include the efficient 
operation of the clinical laboratories for a six 
hundred bed institution and the largest staff model 
HMO in the Chicago area. An active residency pro- 
gram is being combined with that of the University 
to create an exceptional experience for young 
pathologists in training. Please send curriculum 
vitae and names of three references to: William H. 
Chamberlin, MD, Chairman, Pathology Search 
Committee, Michael Reese Hospital & Medical Cen- 
ter, Department of Medicine, Baumgarten 1, Lake 
Shore Drive at 31st Street, Chicago, IL 60616. For 
more information please call (312) 791-2670. 
Michael Reese Hospital and Medical Center is an 
equal opportunity educator and employer and 
encourages applications from women and minorities. 


PLEASE NOTE—Addaress replies to box number 
ads as follows: Box number, , c/o APLM, 
P.O. Box 1510, Clearwater, FL 34617. 





Fellowship 


Head and Neck 
Pathology 


Applications are now being considered 
for a one year fellowship in Head and 
Neck Pathology at the University of 
Pittsburgh School of Medicine com- 
mencing July 1, 1991. The position 
offers an in-depth exposure to diag- 
nostic pathology of the head and neck 
with strong clinical correlation and 
ample opportunity for research. 


Applicants must be board-eligible or 
-certified by the American Board of 
Pathology or its equivalent. Applica- 
tions including a curriculum vitae and 
three references should be submitted 
by January 1, 1991 to: 


Leon Barnes, MD, Chief 
Division of Head and Neck Pathology 
Presbyterian-University Hospital 
DeSota at O'Hara Streets 
Pittsburgh, PA 15213 


The University of Pittsburgh is an equal 
opportunity/affirmative action employer. 





AÑ 


Announcing a practical 42-day seminar for pathologists 
pathology residents, and other interested clinicians 


The Sixth Annual 
Course on Surgical 
Pathology of the 
Head and Neck 


October 8-12, 1990 Hyatt Pittsburgh at Chatham Center 
Pittsburgh, Pennsylvania 


Course Director: Leon Barnes, M.D. 





This course offers a comprehensive review and analysis of 
almost 100 neoplastic and non-neoplastic diseases. Addi- 
tional cases are available for optional study in the evening. 


Registrants * Laboratory manual containing case 
receive: histories 
e Detailed course syllabus with updated 
references 
e Set of 273 Kodachrome slides 
èe 31 hours of Category 1 credit 


Sponsored by: University of Pittsburgh 

School of Medicine 
Department of Pathology 

Center for Continuing Education for the 
Health Sciences 

American Society for Head and Neck 
Surgery 

For more information and a brochure, call 

(412) 624-1023 or FAX (412) 624-1713. 


SAY LT WHH SI ULE! 


MANUAL OF STYLE 


The one to consult 


hether it’s a multi-volume work or a 
short article, you'll find the write stuff 
in the AMA Manual of Style. 
This 8th Edition, a major revision, is 
the standard among medical publishers. All 
major aspects of manuscript preparation are 


covered in five sections which outline: 

e Preparing an article for publication 

e Style e Terminology è Measurement 
and Quantitation è Technical Information 
and Bibliography. 

Next time you have a question about 
making your medical writing more clear, 
concise and accurate, be ready with one 
simple answer — the AMA Manual of 
Style. Order your copy today! 


1988/377 pp/4351-X/$26.95 


CALL TOLL FREE TO ORDER 
1-800-638-0672 


from anywhere in the US. 


Williams & Wilkins 
428 East Preston Street 
Baltimore, MD 21202 








One Step 
Quality Control 


s 
The single reference standard 


for Immunophenotyping 
with FITC and PE 








Flow Cytometry Standards Corporation's 
unique technology for surface staining with 
FITC and PE allows QC3™ to mimic the 
fluorescence excitation and emission spectra 
of stained immunofluorescence samples, so 
that it appears just as stained cells do in your 
flow cytometer. 


Three standards in one microbead. QC3™ 
is a reference for forward scatter as well as 
FITC and PE fluorescence intensity, saving 
preparation time and money. 


Comparability of results from day-to-day. 
QC3™ allows comparison of results from 
samples run on different days and by different 
operators. 


Easy-to-use and reliable. Simply squeeze 
one drop into your test tube, add diluent and 
analyze. Fluorescence stability and size 
uniformity give you consistent results. 


Call 800-227-8143 today for more information. 
Ask for a complimentary copy of the handout | 
FC l 
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The Osler Institute 


Pathology Review Course — honoring Harlan Spjut, M.D. 
August 19-26, 1990 — Dallas 


and 
Cytology Review Course — honoring Ibrahim Ramzy, M.D. 
August 23-26, 1990 — Dallas — 


METHODS: 


e HOME STUDY MATERIALS consisting of a syllabus and 
assignments with questions and answers 

è SEMINAR with projection slides and syllabus 

e LABORATORY with microscopic slides 


OBJECTIVES: 


è To increase proficiency in anatomic and clinical pathology 
e To assist pathology residents in organizing study 


e To prepare candidates to take their board examinations 
e To provide practicing pathologists a comprehensive review 





"The faculty was outstanding. The most pleasant thing was leaming a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as weil."* 


‘Accommodations were comfortable..." 
LOCATION: The course will be held in 


Pathology Fri., August 24 E. Koneman,M.D. Other Organs the Dallas and Columbus areas for con- 
Immunopathology R. McGivney, D.O. Respiratory Tract venient travel from thoughout the 
Sun., August 19 H D iiinn i Urinary Tract country. The course hotel will be the best 
: umor unity Neal Pellis, Ph.D. nnay 1rar aa ite 
Extra Glass Slide Lab Cellular Immunity Gastrointestinal combination of excellent study environ- 
Mon. August 20 Immunodeficiency Charles Petty, M.D. Effusions and Fluids | ment and bargain rates. The Dallas 
General Pathology Hypersensitivity R. Putnam, M.D. Breast and Nipple course will be at the Harvey Hotel - DFW, 
irs d Renai Aita . K. Raymond, M.D. Hwy. 114 and Esthers Blvd., Irving, Texas. 
jury an epair utommmunity Aspirati on Cytol ogy 
Neoplasia Immunohematology M. Schwartz, M.D. Principles "and those litle extras...."* 
Se ai, aaa J. Selliken, Jr. M.D. P ocurement LOWEST AIR FARES: Please call toll- 
For ots hole Sat., ae 25 ep iaa R Specimen Processing | free 1-800-548-8185 for special fares. 
Micro ° an, W. " . " 
Electron Microscopy Virology ed ek Spjut, M.D. eine ...the most education for the money."* 
Tu.-W., Aug. 21-22 Bacteriology C. Stratton IV, M.D. Thyroid FEES AND CATEGORY 1 CME CREDIT: 
Systemic Pathology Mycobacteria Salivary Glands eP or Resident: Pth. Res. hrs. 
; F. Straus II, M.D. vary Glan i 
Cardiovascular Mycology Lomoh Nodes e Aug, 19: Extra slide lab. $60 $40 6 
; R. Thomson, M.D. ymp 
Goaitointestinal Sensitivity Testing a mi pe a. Non-Palpable Lesions e Aug.21-26:APandCP $720 $480 59 
Endocrine Sun., August 26 eg «jing nent Lung and Pleura e Aug. 21-24: Anatomic only $480 $320 40 
Liver & Gallbladder (Chemistry Richard Voet, M.D. Mediastinum e Aug, 23-26: Clinicalonly $480 $320 38 
Breast Pathology Statistics and Q.C. Phillip Vogt, M.D. Liver and Pancreas | ° Pathology Review hours up to: 75 
Renal Pathology Taataa Alan Wu, Ph.D. Kidney and Adrenal | ° Aug. 23-26: Cytology $540 $360 40 
Female Reproduct. Acid Base & Lytes Ovary and Testis | ® Repeating course within 3 years: half price. 
Male Reproductive Enzymes and Liver Cytology Bone and Soft Tissue | ° Microscope Rental: shared $35; private $70 
Bone Tumors RIA and Toxicology Th.-Sun. August 23-26 Orbit and Brain e Add 10% within 10 days of the course. 
Soft Tissue Lipid and Protein e Attendees not in course hotel add $20/day. 
Dermatopathology Endocrinology Exfoliative Cytology R. Astarita, M.D. è For the AP and CP fee, you may take one 
Neuropathology Urinalysis General Cytology C. Bedrossian, M.D. now and the other later. 
Th., August 23 Cell Structure Tina Fanning, M.D. | © Feesdo not include lodging or meals. © 
Cytology and Alberto Ayala, M.D. DNA Analysis D. Heustis, M.D. e A deposit of $50 will reserve your position. 
Hematology N. Clare, M.D. Flow Cytometry S. Masood, M.D. e Most home study materials will be mailed 
Cytopathology N. D’Souza, M.D. Gynecological Cyto. 1, Ramzy, M.D. after half of the registration fee is received. 
Red Cells Alden Dudley, M.D. Endocrine Status Rene Ro ne, M.D. e P enn State designates this continuing 
White Cells D.G MD Vulva and Vagina M. Sch MD medical education activity for 60 hours in 
Platelets j piane `" Benign Cervix 2 mabe a, ee Category1 of the Physician’s Recognition 
Coagulation D. Heustis, M.D. Cervical Neoplasia Nour Sneige, M.D. Award of the American Medical As- 
Lymph Nodes Hanne Jensen, M.D. Endometrium D. Solomon, M.D. sociation. 
Lab Management D. Knutson, M.D. Ovary Richard Voet, M.D. 


Limited Enrollment: PATHOLOGY REVIEW REGISTRATION 


"home study material was extremely helpful ."* 
REFUNDS: Subject to a $50 fee, refunds 

will be made up until the seminar begins. 
eCancellations after mailing home study 


Terre Haute, - 47802 [m Please send more information. *Comments by participants 


p s 

: ii : material requires retention of half the fee. 
: Address : " remark ibly complete and nleasant."* 

: City/State/Zip : INFORMATION: 

s ; r S 4 : Joseph H. Selliken, Jr., M.D. 

: Phone For: r} Path.: August 19-26, 1990 — Dallas ; The Osler Intini ; 
; : [ Path.: May 26-June 2, 1991 — Columbus ; 1094 Dawn Lane, P.O. Box 2218 
Mail today to: [m Cyto.: August 23-26, 1990 — Dallas : Terre Haute, Indiana 47802 

‘ 1094 Dawn Lane, Dept. 7 [ Cyto.: May 30-June 2, 1991 — Columbus : (800) 356-7537 or (812) 299-5658 

' P.O. Box 2218 m Check is enclosed for $ ' 'I feel it helped me pass the boards."* 
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Committed to Diagnostic Medicine 








Abbott introduces QHIVAG-1 for the detection of HIV antigen(s) 


NOW YOUR LABORATORY CAN 
ASSIST PHYSICIANS IN... 


... Diagnosis 
of HIV infection 


HIV antigen is detectable as early as 
two weeks after infection and typically 
declines at seroconversion. 

Seroconversion—when HIV antibodies 
have risen to detectable levels—usually 
occurs several weeks up to months after 
HIV infection. 

The period between HIV infection 
and seroconversion is often associated 
with an acute illness. Whether or not the 
individual has flu-like symptoms, the 
appearance of circulating HIV antigen 
typcially pecuts before [gG antibodies 
develop. '* 


... Prognosis 
ot HI Vdisease 


HIV antigen typically disappears fol- 
lowing seroconversion but reappears in 
the latter stages of the disease. The reap- 
pearance of antigen usually indicates 
impending clinical deterioration. An 
asymptomatic HIV-antigen-positive per- 
son is six times more likely to develop 
AIDS within three years than a similar 
individual who is HIV antigen nega- 
tive.” Thus, testing for the presence of 
HIV antigen assists physicians in moni- 
toring the progression of the disease. 


Total HIV Ab 


— relative concentration 


f 


infection 


(Early detection stage) 


(gp4l and p24) 


HIV Ag cat if 


months years 





.. Monitoring 
of antiviral therapies 
for clinical research 


Antiviral therapies that fight HIV dis- 
ease can delay the onset of symptoms 
and help prolong life. Since antigen 
levels may reflect the level of viral repli- 
cation, a decline or disappearance of 
HIV antigen may indicate that antiviral 
treatment is effective. +5 This allows 
physicians to monitor the action of 
antiviral drug therapies in research 
protocols. 


(Disease progression stage) 


HIV antigen may appear as carly as two weeks postinfection, but declines and « lisappears when HIV 
antibody i is produced at seroconversion HIV antigen then reappears in the latter stages of disease. 


Ə HIVAG-L, for in vitro diagnostic use, is one of the many Abbott E]A-compatible assays 
that offer sensitive, specific, and reproducible results. For more information, please write 
to ABBOTT HIV INFORMATION CENTER, Abbott Diagnostics, D-49B/AP&LM, a Divi- 
sion of Abbott Laboratories, Abbott Park, Illinois 60064. 


O HIVAG-1 


Part of Abbotts broadening line of AIDS diagnostics 


tor HIV and the development of AIDS or AIDS related condition: three year tollow up 
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INSTRUMENTAL TO CEL 


Becton Dickinson Becton Dickinson 
Immunocytometry Systems Canada, Inc. 

2350 Qume Drive 2464 South Sheridan Way 

San Jose, CA 95131-1807 Mississauga, Ontario L5J 2M8 
Ordering Information (800) 223-8226 Canada 
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